Scientific American. established 1845. 
Scientific American Supplement. Vol. LXII.. No.1599. 


DENATURIZED ALCOHOL IN FRANCE, 


By Our Paris CORRESPONDENT. 


Because industrial alcohol is so extensively used in 
France, not only in different manufacturing processes, 
put also for lighting, heating, and as a fuel for internal 
combustion metors, it will be of interest to show 
what are the methods employed at present in its man- 
ufacture. 

Considering the question of denaturation of alcohol 
from a chemical standpoint, we are led to ask what 
are the substances which are to be added to the alco- 
he! so as to produce the best results. According to 
leading authorities, a good denaturant should possess 
the following qualities: Above all it should render 
the alcohol unfit for drinking on account of the bad 
taste which it gives to it. At the same time, the de- 
naturant should not hinder the use of the alcohol for 
light, heating, or motive power, and here we require 
an absence of odor or deposits of soot. No acid fumes 
should be given off or stains produced upon clothes. 
The proportion of the denaturant should be as small 
as possible, as a large amount would cause serious 
inconvenience. It should not be of a poisonous nature, 
nor should the odor be such as to affect the health. 
Risk from fire, which would occur with a too volatile 
and inflammable product, is to be avoided. An im- 
portant point is the question of detecting the presence 
of the denaturant, so as to avoid the frauds which 
would likely occur in the contrary case. The essen- 
tial point, and one which is the a 
most to be insisted upon, is the 


while the odor and taste are agreeable in general, which 
renders them less available as denaturants, are also 


separable from the alcohol. 


The price is also variable 
and cannot be exactly determined, but in any case it 


is relatively high. Formaldehyde has also this dis- 
advantage and besides has a dangerous action upon 
the mucous membranes. Up to the present, the best 
denaturant which has been found is methyl spirit, 
prepared according to the formula which has been 
adopted by the French government. It has the great 
advantage of being inseparable from the alcohol by 
all chemical means. The taste is nauseous, but the 
odor is not bad, which brings it within the conditions 
required of a denaturant. The price is somewhat 
high, but this disadvantage has been overcome by the 
fiscal system which will be mentioned below. 

As to the official denaturants which have been 
adopted at present in the leading countries of Europe, 
we find that Germany and Austria use a denaturant 
in the proportion of 2% per cent of the amount of 
alcohol. This denaturant consists of a mixture of 4 
parts methyl spirit containing 30 per cent of acetone, 
with 1 part of pyridic bases. England uses 11 per 
cent of denaturant, consisting of methy! spirit alone. 
In Holland we find as high as 15 per cent of methyl 
spirit. As regards Italy, the denaturant is to be 
established by the state and will probably be composed 
of methyl spirit and pyridine. The government has 
the monopoly of the alcohol production in Switzerland, 
.and composition of the official denaturant has been 
kept a secret, but it is supposed to be made up of 
methyl spirit, acetone and pyridic bases. 

Some years ago the French ad- 
ministration decided to adopt 


impossibility of separating the 
denaturant from the alcohol, even 
py the most refined chemical 
means, and thus restoring it to 
its first condition. 

Among the denaturants which 
have been proposed for alcohol 
are pyridic bases, oils of acetone, 
methylene ethers, formaldehyde, 
and methylene. The  pyridic 
compounds, which are derived 
from pyridine, C,H,N, can be used 
as high as a 10 per cent propor- 
tion. They give a very bad odor, 
however, and this may be a hind- 
Trance to the sale of the alcohol. 
It is found that they form a resiu- 
ous deposit upon the wicks of 
lamps which causes them to hard- 
en after a certain time. Besides, 
these products can be eliminated 
by distillation. They are costly, 
and it is not always easy to find 
a large quantity. As regards the 
acetone oils, which are a mix- 
ture of the higher acetones, they 
have a disagreeable odor and are 
also found to harden the wicks of 
alcohol lamps. It is easy to elim- 
inate them from the alcohol. The 


methyl spirit as the official de- 
naturant, at least in most cases, 
and especially where the alcohol 
is to be used for light, heat or 
motive power. To give the alco- 
hol a special color so that it 
could be better detected, mala- 
chite green was added, so as to 
give a greenish or bluish hue. 
But it was found that in the case 
of alcohol lamps this latter sub- 
stance formed a deposit upon the 
wicks and prevented the liquid 
from mounting. For this reason 
the malachite green was abandon- 
ed in 1900, and at present the de- 
naturized alcohol is colorless. A 
commission was appointed ac- 
cording to the law of 1872 in 
order to find the best denaturant 
and establish the chemical as 
well as the fiscal conditions re- 
garding its use. The official de- 
naturant which was decided upon, 
and is in use at the present time, 
consists of 1.0 part of methyl 
Spirit and 0.5 part standard ben- 
zine, to be added to every 100 
parts of the alcohol. Not every 
kind of methyl spirit or benzine 


Price of these products is not 
fixed, which is another disad- 
Vantage. The methylene ethers, 
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test and must contain 25 per cent of acetone and 5 
per cent of pyrogenic matter. As regards the benzine, 
the name may be somewhat misleading, as this term 
may be used for petrol benzine as well as for the coal- 
tar product, but these two are not the same. The 
standard benzine is not very well defined in character. 
It is obtained from the distillation of coal-tar, and 
contains the hydrocarbons which pass over at tem- 
peratures lying between 300 and 382 deg. F. There- 
fore tt is a complex product, but at the same time it 
has always about the same composition, this being in 
percentage the same as acetylene, and after naphtha- 
line it is the hydrocarbon which contains the largest 
amount of carbon. In order that alcohol should be 
admitted for denaturation, it must have at least 90 
per cent strength and at the same time must not 
contain more than 10 per cent of essential oils, amyl 
alcohol, ete. 

The above is the standard denaturation method 
which is used generally in the case of alcohol em- 
ployed for light, heat, and motive power. For alcohol 
which is to be used in certain industries where the 
odor of the above products would be objectionable, we 
find other methods which have been admitted, and 
are fixed by the regulations. For instance, alcohol 
which is to be used for varnish contains no benzine, 
and the rules require 10 per cent of standard methyl 
spirit and at least 4 per cent of shellac or other resin. 
Alcohol for the manufacture of ether is considered 
denaturized if it contains 10 per cent of sulphuric 
acid at 66 deg., the mixture to have been heated to 
176 deg. F. For chloral hydrate, a current of chlorine 
gas is sent through the alcohol, and after this pro- 
cess it must show at least 6 pounds of chloral hydrate 
per gallon of alcohol. 

Another form of standard denaturized alcohol is the 
carbureted alcohol which is now extensively used in 
internal combustion motors. As it was found that 
certain products such as benzine could be added to 
gzreat advantage to aicohol so as to increase its heat- 
producing capacity for motors, the fiscal regulations 
were enlarged so as to include this class of product. 
The use of alcohol for automobile motors is one of 
the leading questions in France and efforts have been 
made to promote the question as much as possible, 
so as to diminish the amount of imported petrol. Ac- 
cording to Baudry de Saunier, from whom we take 
some of the above figures, the calorific power of pure 
alcohol is low. Where gasoline has a heat capacity of 
8,260 calories per liter, alcohol shows only 4,850 cal- 
ories, as it is lacking in carbon and hydrogen. Ex- 
perimenters searched for a remedy to this, and found 
it in the addition of benzine to the alcohol in the 
proportion of 50 per cent. This gives a stable mixture 
and we now have 7,850 calories, which comes very 
near the amount for gasoline. 

M. Lepretre was one of the first to determine the 
proper kind of carburant for the alcohol so as to 
give the best results in the automobile motor. Coal- 
tar benzine seems to be the best product for use with 
motors, but it is also mixed with other hydrocarbons 
such as toluene and xylene. By using these products 
in connection with alcohol, M. Lepretre obtained a 
earbureted alcohol which he calls electrine. It is 
largely used upon the automobile motors in France 
which run by alcohol. In such motors it is the car- 
bureted alcohol which is now used almost exclusively, 
as it is found to be superior to pure alcohol. The 
views which we show here illustrate the various pro- 
cesses of the manufacture of electrine. 

Before leaving the subject of the composition of 
denaturized alcohol we may compare the methods 
which are used in France with those which Germany 
has adopted. Exclusive of the carbureted aleohol 
just mentioned, the French standard product for light, 
heat and power consists of 10.5 parts of denaturant 
added to 100 parts of alcohol. This is a large propor- 
tion when we compare it with the amount required in 
Germany, which is 2% per cent of denaturant, and it 
may be asked why there should be such a difference. 
The cause lies in the means which the governments 
have of detecting frauds, and owing to the better 
organization of the police department in Germany the 
frauds can be sought out much more easily and at 
the same time the penalties are heavier. In France 
such a system cannot be applied so well, owing to 
various reasons, so that it is necessary to increase the 
amount of denaturant. This is not from lack of means 
to detect the presence of the denaturant, however, as 
by M. Trillat’s method we can detect very small quan- 
tities of methyl! spirit. 

The question of the fiscal tax upon alcohol is of 
course a vital one as regards the industrial use of this 
product. We may say a few words about the system 
which is now applied in France to industrial alcohol. 
Regulations have been adopted so as to favor its use 
and encourage the adoption of the home product in 
favor of imported petroleum. Industrial alcohol is 
now exempt from the octroi or municipal entry tax 
for Paris and other cities, while petrol pays $0.145 
per gallon. Denaturized alcohol also receives a sub- 
sidy of $6.48 per 100 gallons of pure alcohol in order 
to pay for the cost of the denaturant. This system 
was adopted in 1991, and the state recovers this ex- 
pense by placing a tax upon all the alcohol produced 
by the distilleries. This tax is variable from year to 
year, and is determined by the amount of alcohol 
which has been denaturized. At present the tax is 
$1.16 per 100 gallons, and is paid upon the whole 
amount of alcohol produced in France. 

Inasmuch as the denaturation process is a most 
simple one, and does not require any heating or other 
apparatus, the denaturation plants as they are now 
operated in France do not require a large outfit. All 


that is needed is a mixing vat for the products and 
a series of tanks to hold the denaturized alcohol. From 
the tanks it is run into cans or metal casks for ship- 
ment. The denaturizing process is carried out in all 
cases under the supervision of government inspectors, 
who examine and gage all the products which are 
used. To avold the municipal tax upon the pure 
alcohol, the factories are located outside the cities in 
all cases. The present views were taken in M. Le- 
pretre’s establishment, which is the principal one in 
the region of Paris and is located in the suburbs. In 
closing, we may say that the carbureted alcohol known 
as electrine, which is manufactured here, has been 
very successful for internal combustion motors and is 
used on a large number of automobiles. It has been 
adopted on the new system of automobile passenger 
omnibus which is now running in Paris. Great credit 
for the success of alcohol in France should be given 
to M. Lepretre, owing to his persevering efforts during 
the pioneer period, when he was one of the few to 
recognize the importance of the question. 
PRIZE AWARDED BY GOVERNMENT, $10,000. 

The official denaturant which is now used in France, 
while presenting a certain number of good features, 
also shows some disadvantages, especially when ap- 
plied to internal combustion motors. The government 
is looking for a denaturant which will be free from 
these weak points, and as this is not easy to find, it 
has recently offered two prizes of considerable im- 
portance. These will be awarded by the Minister of 
Finance. The first prize of $4,000 will be given to 
the person who discovers a denaturant which is more 
advantageous than the present one and which offers 
to the treasury all the guarantees against fraud. A 
second prize of $10,000 will be awarded for the dis- 
covery of a system of utilizing alcohol for lighting, 
under the same conditions as petroleum. The commis- 
sion which has been appointed for the purpose has 
fixed the programme to be fulfilled by the competitors 
as follows: As regards the denaturant: 1. It should 
give an odor and a flavor which prevent its use for 
drinking purposes. 2. It is not to have an odor which 
is too strong and disagreeable such as would hinder the 
use of alcohol for domestic and industrial purposes, 
excluding the use of acetylene, asafetida and similar 
substances. 3. The denaturant is not to be formed 
of a solid substance which will leave a deposit upon 
lamp wicks, etc., and will hinder the combustion of 
the alcohol, such as salt, sulphate of soda, alum, picric 
acid, ete. 4. It cannot be formed of a substance which 
is much more volatile than alcohol or which is less 
volatile. Outside of other disadvantages, this would 
allow of separating it by fractional distillation. Among 
the substances which are to be excluded for this rea- 
son are ether, carbon disulphide, light coal-tar pro- 
ducts, in the more volatile class, and in the second 
class, turpentine, phenol, petroleum, etc. 5. It should 
not contain any substance which can attack the metal 
parts of lamps or motors, such as ammonia, nitro- 
benzol, sulphuric acid, etc. 6. The denaturant must 
not be poisonous, like bichloride of mercury, arseniate 
of soda, aniline, etc., nor contain vegetable poisons 
such as aconite. 7. The substance should be sufficient- 
ly economical not to hinder the industrial and do- 
mestic uses of denaturized alcohol. 8. It should not 
exist normally in the commercial alcohols. 9. The 
presence of the substance in the denaturized alcohol 
must be easily and surely detected. 10. It should be 
more advantageous than the present denaturant and 
offer to the treasury all the needed guarantees against 
fraud. As regards the prize of $10,000 for the best 
apparatus for lighting by alcohol, inventors have all 
the needed latitude in this case, provided the system 
allows of utilizing the alcohol in the same conditions 
as petroleum. Inventors should address their proposi- 
tions, systems, or apparatus, with detailed description 
of the same, to the Chief of Service of the Laboratories 
of the Minister of Finances, 11 Rue de la Douane, 
Paris. 


THE INCREASE OF KNOWLEDGE IN THE SEV- 
ERAL BRANCHES OF SCIENCE.* 
By Pror. E. Ray LANKester, M.A., LL.D., D.Sc., 
F.R.S., F.L.S. 

As one might expect, the progress of the knowledge 
of nature (for it is to that rather than to the his- 
torical, moral, and mental sciences that English- 
speaking people refer when they use the word “sci- 
ence”) has consisted, in the last twenty-five years, in 
the amplification and fuller verification of principles 
and theories already accepted, and in the discovery 
of hitherto unknown things which either have fallen 
into place in the existing scheme of each science or 
have necessitated new views, some not very disturb- 
ing to existing general conceptions, others of a more 
startling and, at first sight, disconcerting character. 
Nevertheless I think I am justified in saying that, 
exciting and of entrancing interest as have been some 
of. the discoveries of the past few years, there has 
been nothing to lead us to conclude that we have been 
on the wrong path—nothing which is really revolu- 
tionary; that is to say, nothing which cannot be ac- 
cepted by an intelligible modification of previous con- 
ceptions. There is, in fact, continuity and healthy 
evolution in the realm of science. While some on- 
lookers have declared to the public that science is at 
an end, its possibilities exhausted, and but little of 
the hopes it raised realized, others have asserted, on 
the contrary, that the new discoveries—such as those 
relating to the X-rays and to radium—are so incon- 
sistent with previous knowledge as to shake the 
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foundations of science, and to justify a belief in an. 
and every absurdity of an unrestrained fancy. Thes« 
two reciprocally destructive accusations are due to 4 
class of persons who must be described as the enemi. 
of science. Whether their attitude is due to ignoy. 
ance or traditions of self-interest, such. persons exi: 

New Chemical Elements.—There can be no dow)); 
that the past quarter of a century will stand out j.,; 
ever in human history as that in which new chemi. .} 
elements, not of an ordinary type, but possessed of 
truly astounding properties, were made known wii} 
extraordinary rapidity and sureness of demonstration. 
Interesting as the others are, it is the discovery of 
radio-activity and of the element radium which so 
far exceeds all others in importance that we may 
well account it a supreme privilege that it has fallen 
to our lot to live in the days of this discovery. No 
single discovery ever made by the searchers of natvre 
even approaches that of radio-activity in respect of the 
novelty of the properties of matter suddenly reveaied 
by it. A new conception of the structure of mater 
is necessitated and demonstrated by it, and yet, so 
far from being destructive and disconcerting, the new 
conception fits in with, grows out of, and justifies the 
older schemes which our previous knowledge has form- 
ulated. 

Before saying more of radio-activity, which is apt 
to eclipse in interest every other topic ef discourse, 
I must recall thé discovery of the five inert gaseous 
elements by Rayleigh and Ramsay, which belongs to 
the period on which we are looking back. It was 
found that nitrogen obtained from the atmosphere in- 
variably differed in weight from nitrogen obtained 
from one of its chemical combinations; and thus the 
conclusion was arrived at by Rayleigh that a distinct 
gas is present in the atmosphere, to the extent of one 
per cent, which had hitherto passed for nitrogen. 
This gas was separated, and to it the name argon (the 
lazy one) was given, on account of its incapacity to 
combine with any other element. -Subsequently this 
argon was found by Ramsay to be itself impure, and 
from it he obtained three other gaseous elements 
equally inert; namely, neon, krypton, and xenon. 
These were all distinguished from one another by the 
spectrum, the sign-manual of an element given by the 
light emitted in each case by the gas when in an in- 
candescent condition. A fifth inert gaseous element 
was discovered by Ramsay as a constituent of certain 
minerals which was proved by its spectrum to be 
identical with an element discovered twenty-five years 
ago by Sir Norman Lockyer in the atmosphere of 
the sun, where it exists in enormous quantities. 
Lockyer had given the name (helium) to this new 
solar element, and Ramsay thus found it locked up 
in certain rare minerals in the crust of the earth. 

But by helium we are led back to radium, for it 
has been found only two years ago by Ramsay and 
Soddy that helium is actually formed by a gaseous 
emanation from radium. Astounding as the state- 
ment seems, yet that is one of the many unprecedented 
facts which recent study has brought to light. The 
alchemist’s dream is, if not realized, at any rate justi- 
fied. One element is actually under our eyes con- 
verted into another; the element radium decays into 
a gas which changes into another element, namely 
helium. 

Radium, this wonder of wonders, was discovered 
owing to the study of the remarkable phosphorescence, 
as it is called—the glowing without heat—of glass 
vacuum tubes through which electric currents are 
made to pass. Crookes, Lenard, and Réntgen each 
played an important part in this study, showing that 
peculiar rays or linear streams of at least three dis- 
tinct kinds are set up in such tubes—rays which are 
themselves invisible, but have the property of making 
glass or other bodies which they strike glow with 
phosphorescent light. The celebrated Réntgen rays 
make ordinary glass give out a bright green light; 
but they pass through it, and cause phosphorescence 
outside in various substances, such as barium platino 
cyanide, calcium tungstate, and many other such 
salts; they also act on a photographic plate and dis- 
charge an electrified body such as an electroscope. 
But the most remarkable feature about them is their 
power of penetrating substances opaque to ordinary 
light. They will pass through thin metal plates or 
black paper or wood, but are stopped by more or 
less dense material. Hence it has been possible to 
obtain “shadow pictiges” or skiagraphs by allowing 
the invisible Réntgen rays to pass through a limb or 
even a whole animal, the denser bone stopping the 
rays, while the skin, flesh, and blood let them throush. 
They are allowed to fall (still invisible) on to 4 
photographic plate, when a picture like an ordinary 
permanent photograph is obtained by their chemical 
action, or they may be made to exert their phosphor- 
escence-producing power on a glass plate covered 
with a thin coating of a phosphorescent salt such 2s 
barium platino-cyanide, when a temporary picture in 
light and shade is seen. 

The rays discovered by Réntgen were known 43 
the X-rays, because their exact nature was unknown. 
Other rays studied in the electrified vacuum-tules 
are known as cathode rays or radiant corpuscles, 1nd 
others, again, as the Lenard rays. 

It occurred to M. Henri Becquerel, as he himself 
tells us, to inquire whether other phosphorescent 
bodies besides the glowing vacuum-tubes of the e!ec 
trician’s laboratory can emit penetrating rays like he 
X-rays. I say “other phosphorescent bodies,” for ‘his 
power of glowing without heat—of giving out, s° t 


speak, cold light—is known to be possessed by mony 
mineral substances. It has become famflIfar to (he 
public in the form of “phosphorescent paint,” which 
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contain: sulphide of calcium, a substance which shines 
jn the dark after exposure to sunlight—that is to say, 
fs phos) horescent. Other sulphides and the minerals 
fuor-s}', apatite, some gems, and, in fact, a whole 
list of substances have, under different conditions of 
treatment, this power of phosphorescence or shining 
in the dark without combustion or chemical change. 
All, however, require some special treatment, such as 
exposure to sunlight or heat or pressure, to elicit the 
phosph: escence, which is of short duration only. 
Many of the compounds of a somewhat uncommon 
metalli element, called uranium, used for giving a 
fine gi: en color to glass, are phosphorescent sub- 
stances and it was, fortunately, one of them which 
Henri (secquerel chose for experiment. Henri Bec- 
querel 's professor in the Jardin des Plantes of Paris; 
pis lal oratory is a delightful old-fashioned building, 
which had for me a special interest and sanctity 
when, a few years ago, I visited him there, for, a hun- 
gred years before, it was the dwelling house of the 
great Cuvier. Here Henri Becquerel’s father and 
grandfather—men renowned throughout the world for 
their discoveries in mineralogy, electricity, and light 
—had worked, and here he had himself gone almost 
daily {vom his earliest childhood. Many an experi- 
ment bringing new knowledge on the relations of 
light and electricity had Henri Becquerel carried out 
in that quiet old-world place before the day on which, 
about twelve years ago, he made the experimental in- 
quiry, Does uranium give off penetrating rays like 
Réntgen rays? He wrapped a photographic plate in 
black paper, and on it placed and left lying there for 
twenty-four hours some uranium salt. He had placed 
a cross, cut out in thin metallic copper, under the 


uranium powder, so as to give some shape to the 
photographic print should one be produced. It was 
produced. Penetrating rays were given off by the 
uranium; the black paper was penetrated, and the 


form of the copper cross was printed on a dark 
ground. The copper was also penetrated to some ex- 
tent by the rays from the uranium, so that its image 
was not left actually white. Only one step more re- 
mained before Becquerel made his great discovery. 
It was known, as I stated just now, that sulphide of 
calcium and similar substances become phosphores- 
cent when exposed to sunlight, and lose their phos- 
phorescence after a few hours. Becquerel thought at 
first that perhaps the uranium acquired its power 
similarly by exposure to light; but very soon, by ex- 
perimenting with uranium long kept in the dark, he 
found that the emission of penetrating rays, giving 
photographic effects, was produced spontaneously. 
The emission of rays by this particular fragment of 
uranium has shown no sign of diminution since this 
discovery. The emission of penetrating rays by uran- 
jum was soon found to be independent of its phosphor- 
escence. Phosphorescent bodies, as such, do not emit 
penetrating rays. Uranium compounds, whether 
phosphorescent or not, emit, and continue to emit, 
these penetrating rays, capable of passing through 
black paper and metallic copper. They do not derive 
this property from the action of light or any other 
treatment. The emission of these rays discovered by 
Becquerel is a new property of matter. It is called 
“radio-activity,” and the rays are called Becquerel 
rays. 

From this discovery by Becquerel to the detection 
and separation of the new element radium is an easy 
step in thought, though one of enormous labor and 
difficulty in practice. Prof. Pierre Curie and his wife, 
Madame Sklodowska Curie, incited by Becquerel’s dis- 
covery, examined the ore called pitch-blende which 
is worked in mines in Bohemia and is found also in 
Cornwall. It is the ore from which all commercial 
uranium is extracted. The Curies found that pitch- 
blende has a radio-activity four times more powerful 
than that of metallic uranium itself. They at once 
conceived the idea that the radio-activity of the uran- 
ium salts examined by Becquerel is due not to the 
uranium itself, but to another element present with 
it in variable quantities. This proved to be in part 
true. The refuse of the first processes by which in the 
Manufacturer’s works the uranium is extracted from 
its ore, pitch-blende, was found to contain four times 
more of the radio-active matter than does the pure 
uranium. By a long series of fusions, solutions, and 
ctystailizations the Curies succeeded in “hunting 
down,” as it were, the radio-active element. The first 
Step gave them a powder mixed with barium chloride, 
and having 2,000 times the activity of the uranium in 
which Becquerel first proved the existence of the new 
property—radio-activity. Then step by step they puri- 
fied it to a condition 10,000 times, then to 100,000 
times, and finally to the condition of a crystalline 
Salt having 1,800,000 times the activity of Becquerel’s 
Sample of uranium. The purification could go no fur- 
ther, but the extraordinary minuteness of the quan- 
tity of the pure radio-active substance obtained and 
ae amount of labor and time expended in preparing 
‘may be judged of from the fact that of one ton of 


the pitch-blende ore submitted to the process of puri- 
fication only the hundredth of a gramme—the one- 
Seventh of a grain—remained. 

The amount of radium in pitch-blende is one ten- 
millionth per cent; rarer than gold in sea water. The 
= of this story and of all that follows consists 
argely in 


a, the skill and accuracy with which our 
a sts and physicists have learned to deal with 
= iminitesimal quantities, and the gigantic theo- 

cal results which are securely posed on this pin- 


Point of substantial matter. 
The Curies 
Quantity of eo 
the chlo: id 


at once determined that the minute 
lorless crystals they had obtained was 
e of a new metallic element with the atomic 
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weight 225, to which they gave the name radium. The 
proof that radium is an element is given by its “sign- 
manual”—the spectrum which it shows to the observer 
when in the incandescent state. It consists of six 
bright lines and three fainter lines in the visible part 
of the spectrum, and of three very intense lines in 
the ultraviolet (invisible) part. A very minute quan- 
tity is enough for this observation; the lines given 
by radium are caused by no other known element in 
heaven or earth. They prove its title to be entered 
on the roll-call of elements. 

The atomic weight was determined in the usual way 
by precipitating the chlorine in a solution of radium 
chloride by means of silver. None of the precious 
element was lost in the process, but the Curies never 
had enough of it to venture on any attempt to pre- 
pare pure metallic radium. This is a piece of ex- 
travagance no one has yet dared to undertake. Alto- 
gether the Curies did not have more than some four 
or five grains of chloride of radium to experiment 
with, and the total amount prepared and now in the 
hands of scientific men in various parts of the ‘world 
probably does not amcunt to more than sixty grains 
at most. When Prof. Curie lectured on radium four 
years ago at the Royal Institution in London he 
made use of a small tube an inch long and of one 
eighth bore, containing nearly the whole of his preci- 
ous store, wrenched by such determined labor and 
consummate skill from tons of black, shapeless pitch- 
blende. On his return to Paris he was one day demon- 
strating in his lecture room with this precious tube 
the properties of radium when it slipped from his 
hands, broke, and scattered far and wide the most 
precious and magical powder ever dreamed of by 
alchemist or artist of romance. Every scrap of dust 
was immediately and carefully collected, dissolved, 
and re-crystallized, and the disaster averted with a 
loss of but a minute fraction of the invaluable pro- 
duct. 

Thus, then, we have arrived at the discovery of 
radium—the new element endowed in an intense form 
with the new property “radio-activity” discovered by 
Becquerel. The wonder of this powder, incessantly 
and without loss, under any and all conditions pour- 
ing forth by virtue of its own intrinsic property 
powerful rays capable of penetrating opaque bodies 
and of exciting phosphorescence and acting on photo- 
graphic plates, can perhaps be realized when we re- 
flect that it is as marvelous as though we should dig 
up a stone which without external influence or change, 
continually poured forth light or heat, manufacturing 
both in itself, and not only continuing to do so with- 
out appreciable loss or change, but necessarily having 
always done so for countless ages while sunk beyond 
the ken of man in the bowels of the earth. 

Wonderful as the story is, so far it is really simple 
and commonplace compared with what yet remains to 
be told. I will only barely and abruptly state the 
fact that radio-activity has been discovered in other 
elements, some very rare, such as actinium and polon- 
ium; others more abundant and already known, such 
as thorium and uranium, though their radio-activity 
was not known until Becquerel’s pioneer discovery. 
It is a little strange and no doubt significant that, 
after all, pure uranium is found to have a radio 
activity of its own, and not to have been altogether 
usurping the rights of its infinitesimal associate. 

The wonders connected with radium really begin 
when the experimental examination of the properties 
of a few grains is made. What I am saying here is 
not a systematic, technical account of radium; so I 
shall venture to relate some of the story as it im- 
presses me. 

Leaving aside for a moment what has been done 
in regard to the more precise examination of the rays 
emitted by radium, the following astonishing facts 
have been found out in regard to it: (1) If a glass 
tube containing radium is much handled or kept in 
the waistcoat pocket, it produces a destruction of the 
skin and flesh over a small area—in fact, a sore place. 
(2) The smallest trace of radium brought into a room 
where a charged electroscope is present, causes the 
discharge of the electroscope. So powerful is this 
electrical action of radium that a very sensitive elec- 
trometer can detect the presence of a quantity of 
radium five hundred thousand times more minute 
than that which can be detected by the spectroscope 
(that is to say, by the spectroscopic examination of a 
flame in which minute traces of radium are present). 
(3) Radium actually realizes one of the properties 
of the hypotheticai stone to which I compared it giv- 
ing out light and heat. For it does give out heat 
which it makes itself incessantly and without appre- 
ciable loss of substance or energy (“appreciable” is 
here an important qualifying term). It is also faintly 
self-luminous. Fairly sensitive thermometers show 
that a few granules of radium salt have always a 
higher temperature than that of surrounding bodies. 
Radium has been proved to give out enough heat to 
melt rather more than its own weight of ice every 
hour; enough heat in one hour to raise its own weight 
of water from the freezing-point to the boiling-point. 
After a year and six weeks a gramme of radium has 
emitted enough heat to raise the temperature of a 
thousand kilogrammes of water one degree. And this 
is always going on. Even a small quantity of radium 
diffused through the earth will suffice to keep up its 
temperature against all loss by radiation! If the 
sun consists of a fraction of one per cent of radium 
this will account for and make good the heat that is 
annually lost by it. 

This is a tremendous fact, upsetting all the calcu- 
lations of physicists as to the duration in past and 
future of the sun’s heat and the temperature of the 
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earth's surface. The geologists and the biologists 
have long contended that some thousand million years 
must have passed during which the earth’s surface 
has presented approximately the same condition of 
temperature as at present, in order to allow time for 
the evolution of living things and the formation of 
the aqueous deposits of the earth's crust. The physi- 
cists, notably Prof. Tait and Lord Kelvin, refused to 
allow more than ten million years (which they sub- 
sequently increased to a hundred million)—basing this 
estimate on the rate of cooling of a sphere of the size 
and composition of the earth. They have assumed 
that its material is self-cooling. But, as Huxley 
pointed out, mathematics will not give a true result 
when applied to erroneous data. It has now, within 
these last five years, become evident that the earth's 
material is not self-cooling, but on the contrary self- 
heating. And away go the restrictions imposed by 
physicists on geological time. They now are willing 
to give us not merely a thousand million years, but 
as many more as we want. 

And now I have to mention the strangest of all 
the proceedings of radium—a proceeding in which 
the other radio-active bodies, actinium and thorium, 
resemble it. This proceeding has been entirely Ruth- 
erford’s discovery in Canada, and his name must be 
always associated with it. Radium (he discovered) 
is continually giving off, apart from and in addition 
to the rectilinear darting rays of Becquerel, an “em- 
anation”’"—a gaseous “emanation.” This “emanation” 
is radio-active—that is, gives off Becquerel rays—and 
deposits “something” upon bodies brought near the 
radium, so that they become radio-active, and remain 
so for a time after the radium is itself removed. This 
emanation is always being formed by a radium salt, 
and may be most easily collected by dissolving the 
salt in water, when it comes away with a rush, as a 
gas. Sixty milligrammes of bromide of radium yield- 
ed to Ramsay and Soddy 0.124 (or about one-eighth) 
of a cubic millimeter of this gaseous emanation. What 
is it? It cannot be destroyed or altered by heat or by 
chemical agents; it is a heavy gas, having a mole- 
cular density of 100, and it can be condensed to a 
liquid by exposing it to the great cold of liquid air. 
It gives a peculiar spectrum of its own, and is prob- 
ably a hitherto unknown inert gas—a new element sim- 
ilar to argon. But this by no means completes its his- 
tory, even so far as experiments have as yet gone. The 
radium emanation decays, changes its character alto- 
gether, and loses half its radio-activity every four 
days. Precisely at the same rate as it decays the 
specimen of radium salt from which it was removed 
forms a new quantity of emanation, having just the 
amount of radio-activity which has been lost by the 
old emanation. All is not known about the decay of 
the earation, but one thing is absolutely certain, 
having first been discovered by Ramsay and Soddy 
and subsequently confirmed by independent experi- 
ment by Madame Curie. It is this: After being kept 
three or four days the emanation becomes, in part at 
least, converted into helium—the light gas (second 
only in the list of elements to hydrogen), the gas 
found twenty-five years ago by Lockyer in the sun, 
and since obtained in some quantities from rare radio- 
active minerals by Ramsay! The proof of the forma- 
tion of helium from the radium emanation is, of 
course, obtained by the spectroscope, and its evidence 
is beyond assail. Here, then, is the partial conver- 
sion or decay of one element, radium, through an inter- 
mediate stage into another. And not only that, but 
if, as seems probable, the presence of helium indi- 
cates the previous presence of radium, we have the 
evidence of enormous quantities of radium in the 
sun, for we know helium is there in vast quantity. 
Not only that, but inasmuch as helium has been dis- 
covered in most hot springs and in various radio- 
active minerals in the earth, it may be legitimately 
argued that no inconsiderable quantity of radium is 
present in the earth. Indeed, it now seems probable 
that there is enough radium in the sun to keep up 
its continual output of heat, and enough in the earth 
to make good its loss of heat by radiation into space, 
for an almost indefinite period. Other experiments 
of a similar kind have rendered it practically certain 
that radium itself is formed by a somewhat similar 
transformation of uranium, so that our ideas as to the 
permanence and immutability on this globe of the 
chemical elements are destroyed, and must give place 
to new conceptions. It seems not improbable that the 
final product of the radium emanation after the heli- 
um is removed is or becomes the metal lead! 

(To be continued.) 


Although the seventeenth century was not charac- 
terized by any great engineering works, or, in fact, 
by the application of science in the general sense of 
the word, yet the teachers of that period were laying 
the seeds which afterward were to bear fruit. There 
had been great workers in the field of natural science, 
many of them, unfortunately, in opposition to received 
opinions. The long struggle of Galileo and his pupil 
Torricelli had by observation established some of the 
simplest laws of gravitation and physics, which ren- 
dered a just interpretation to be placed upon the teach- 
ing of Kepler, and formed the basis of the discoveries 
of Newton. In another direction the discoveries of 
William Harvey in the circulation of the blood, and of 
Von Guericke, the inventor of the air pump, were all 
leading up to a wider and a broader view of the laws 
of nature; for it must be remembered that up to this 
period the conceptions of nature were vague in the 
extreme. Ideas of chance and divine interposition led 
even some of the most brilliant thinkers into paths of 
positive superstition. But between 1600 and 1650 the 
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great French writer Descartes, by his writings and 
observations, forced upon the minds of thinking men 
the idea of physical law which presumed to supersede 
the chance speculation of the school men. Conse- 
quently, we gradually see growing up a study of the 
laws of nature on which afterward were to be based so 
many valuable and brilliant discoveries. 
THE STABILITY OF SUBMARINES.* 
By Sim H. Wuire, K.C.B., F.R.S. 

Tue purpose of this paper is to place on record the 
results of calculations made to determine the condi- 
tions of stability of submarine vessels in varying cir- 
cumstances which may occur in service. Accidents 
have happened to many submarines, and in some in- 
stances have been accompanied by loss of life. After 
investigating possible causes of accident, the author 
was convinced that one of the chief was the singular 
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variation in stability and buoyancy produced by 
changes in the draft of water and the “trim” of sub- 
marines. He was led, therefore, to undertake the de- 
tailed calculations, of which the principal results are 
now stated and illustrated. 

Either by accident or intention, submarines may 
reach considerable depths below the surface and be 
exposed to severe external fluid pressures. Ample 
structural strength must be provided to meet these 
pressures and to prevent deformation of the vessels. 
In order to fulfill this object with moderate weights of 
structures, submarines are made cigar-shaped, with cir- 
cular or nearly circular cross-sections. The cigar 
shape is usually somewhat disguised by light super- 
structures built above the upper surface of the hull 
proper, and carrying decks or platforms, which add to 
the comfort and convenience of the crews when the 
vessels are floating at the surface—in the “awash” 
condition—at their lightest draft. In that condition 
water is excluded from the spaces between the super- 
structures and the cigar-shaped hulls, and the buoy- 
ancy and stability are sensibly increased. 

The other extreme condition at the surface is that 
when a submarine has been “trimmed” for diving, and 
floats with a very small portion of her hull above 
water. This is effected by admitting water-ballast into 
tanks specially constructed for the purpose and of 
known capacity. The final adjustments of draft and 
trim during the process of trimming require great care. 
All openings into the interior are closed and secured in 
a water-tight manner before trimming is commenced. 
Water is also allowed to enter the spaces between the 
superstructures and the cigar-shaped hull, and to re- 
main in free communication with the surrounding 
water, so that the lightly-constructed superstructures 
may sustain no external pressure when the vessel is 
submerged. 

Diving is accomplished by giving the submarine 
headway, and so manipulating horizontal rudders that 
the bow is depressed. The stream-lines developed in 
the water by the onward motion produce downward 
pressures on the upper surface of the hull toward the 
bow; the vertical component of these pressures over- 
comes the vertical component of the rudder pressures 
and the small “reserve of buoyancy” which the sub- 
marine retains, and the vessel moves obliquely down- 
ward until the desired depth below the surface is 
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reached. The horizontal rudders must be then manipu- 
lated by a skilled steersman in such a manner that 
further motion (although really along an undulating 
course) is practically at a constant depth below the 
surface. When headwsy ceases, both rudder pressure 
and stream-line motions disappear, the small reserve 
of buoyancy reasserts itself, and the submarine rises 
to the surface. 

This general statement may be illustrated by figures 
for an actual submarine, resting on official evidence 
given at the inquiry into the foundering of submarine 
“A 8” at Plymouth last year. 

In the awash condition, at the lightest draft of 
water, the reserve of buoyancy was about 13 tons 
(excluding the conning tower), the corresponding dis- 
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placement exceeding 260 tons; so that the maximum 
reserve of buoyancy was about 6 per cent of the dis- 
placement. The minimum reserve of buoyancy ac- 
cepted for any class of warships at their deep-load 
draft has been about 10 per cent in low-freeboard 
American “monitors,” many of which vessels found- 
ered. For “breastwork monitors” in the royal navy 
the corresponding reserve was 30 per cent of the load 
displacement; for high-freeboard warships and passen- 
ger steamers it is from 80 to 100 per cent; for cargo 
steamers it varies from 25 to 40 per cent. The con- 
trast between submarines at their lightest draft, and 
other types of ships at their deepest draft, shown by 
these figures, indicates the acceptance of altogether 
exceptional conditions in submarines, and the neces- 
sity for their cautious management in the awash con- 
dition at the surface, when the apertures on the upper 
surfaces are kept open. 

These apertures are closed and secured before the 
vessels are trimmed for diving by admitting water 
ballast. In the diving condition the reserve of buoy- 
ancy is extremely small. For submarine “A 8” it is 
said to have been 800 pounds, the corresponding dis- 
placement being about 220 tons. In other submarines 
of about the same displacement the reserve of buoy- 
ancy in the diving condition has been only 300 pounds 
to 400 pounds. Consequently there is a necessity for 
extreme care in the final stages of trimming. 

The cigar shape of the hulls involves very rapid 
changes in the areas and moments of inertia of the 
planes of flotation, as the draft of water is increased 
in passing from the awash to the diving condition; 
the stability is greatly reduced, and every member of 
the crew has to remain in his station. No weights 
must be allowed to shift. All the conditions, in fact, 
differ from those which prevail in ships of ordinary 
form as they pass from the extreme light draft to the 
deep load, for in such ships the outlines of transverse 
sections approximate to the vertical, except near the 
bow and stern, over the range between these extreme 
conditions, and the areas and moments of inertia of 
planes of flotation do not vary greatly. 
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These general statements may be illustrated by the 
comparison of a small cruiser of ordinary form with 
a submarine. The cruiser is about 260 feet long at the 
water-line, 37 feet broad, and 14 feet 6 inches mean 
load draft, the corresponding displacement being about 
2,000 tons. The submarine has an extreme length of 
150 feet, is 12.2 feet in extreme breadth, and has a 
displacement of 300 tons in the diving condition. In 
the light (awash) condition the submarine draws 
about 18 inches less water than in the diving condition, 
and has a displacement of about 284 tons. When 
awash the length at the water-line is 94 feet, and 
breadth, extreme, 8.2 feet; when in the diving condi- 
tion the corresponding measurements are 41 feet 
length and 3.6 feet breadth. These figures differ widely 
from the length of 150 feet over all and 12.2 feet 
maximum breadth. In the cruiser, within the corre- 
sponding range of draft (18 inches), there is practi- 
cally no change in length and breadth, extreme, at 
water-line, and these dimensions are practically identi- 
cal with the extreme dimensions of the vessels. Fig. 1 
illustrates the contrast between the cigar shape and 
the ordinary ship shape. Horizontal measurements to 
the curves on that diagram, at any draft of water, 
measure the area of the corresponding plane of flota- 
tion, and the number of tons required to immerse the 
vessel one inch. It is obvious that the small area of 
the plane of flotation at the lightest draft, its rapid 
diminution as the draft is increased, and the critical 
condition when trimmed for diving, all render possible 
the establishment of vertical dipping oscillations in 
submarines by comparatively trifling disturbances in 
the water surface surrounding them. 

Fig. 2 shows the metacentric diagrams for trans- 
verse inclinations of the two vessels, constructed in 
the usual manner. M M shows the locus of the meta- 
center of the cruiser, and B B that of the center of 
buoyancy as the draft of water rises. The curves m, 
m, m, and b, b, b, show the corresponding loci for the 
submarine. The intercept between these curves on any 
vertical ordinate represents the height of the metacen- 
ter above the center of buoyancy at the corresponding 
draft of water. For the submarine in the awash con- 
dition this height is 0.32 foot, and in the diving condi- 
tion it is 0.01 foot. Stability is obtained by disposing 
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the weights so that the center of gravity of the y. se 
and its contents lies below the axis; and in some ¢ . ‘st. 
ing submarines in their diving condition the ver: 4) 


distance between the axis and the center of gravit,, oy 
metacentric height, is said to be about 9 inches. Wen 
submerged, this measure of stability, of course, ap) jes 
to inclinations from the vertical in any direction. 

For the cruiser the height of the metacenter a! ,ye 


the center of buoyancy is 7.7 feet at the load wer. 


line, and 8.6 feet for the water-line (18 inches below 
the load), corresponjing to the awash condition of the 
submarine. The center of gravity of the cruiser is 
about 2 feet below the metacenter and 5% feet above 
the center of buoyancy in the load condition; the meta- 
centric locus is nearly horizontal from the load to the 
light condition, and the center of gravity rises a few 
inches as coal and stores are consumed. 

Fig. 3 shows the metacentric diagrams for longi- 
tudinal inclinations. For the submarine awash the 
metacenter is 37 feet above the center of buoyancy; in 
the diving condition it is only 1.25 feet above. For 
the cruiser floating at a water-line 18 inches below the 
load draft, the height is 352 feet; at the load draft it 
is 328 feet. Expressed in terms of length over all, 
the heights of metacenters above centers of buoyancy 
are 0.25 and 0.0083 times the length respectively for 
the awash and diving conditions, as against 1.35 and 
1.26 times the length for the cruiser at corresponding 
drafts. These figures indicate the relatively small lon- 
gitudinal stability of the submarine, and the necessity 
for avoiding any movements of weights when the ves- 
sel is in the diving condition or submerged. 

Reference has been made above to the effect upon 
stability produced by the addition of superstructures. 
Fig. 4 illustrates this effect for transverse inclinations, 
m, m, being the metacentric locus without superstruc- 
ture, and m,, m,, the locus with superstructure closed 
and water excluded from spaces between it and the 
cigar-shaped hull. In the awash condition the height 
of the transverse metacenter above the center of buoy- 
ancy is increased about onesixth by the superstruc- 
ture. The effect of the superstructure upon longitudi- 
nal stability is much more marked, as will be seen 
from Fig. 5. In the awash condition, closing the super- 
structure increases the height of metacenter above the 
center of buoyancy by fully 50 per cent. 

It will be obvious from these diagrams that the 
maintenance of the full reserve of buoyancy is essen- 
tial to the safety of a submarine when proceeding at 
maximum speed at the surface. In the case of “A 8,” 
owing to special circumstances, this condition was not 
fulfilled, and the vessel proceeded at full speed on the 
surface with her ballast tanks partly filled with water, 
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and with only 6 tons reserve of buoyancy, as against 
the maximum reserve of 13 tons. In consequence of 
this deeper draft the longitudinal metacentric heisht 
was reduced from 12 feet to 8% feet, and the power 
of resisting changes in longitudinal trim was corre 
spondingly diminished. Since that accident took place, 
definite orders have been given by the Admiralty that 
the maximum reserve of buoyancy shall always be 
secured before submarines are driven at full speed! on 
the surface. The precaution is obviously necessary. 
When a submarine is in the diving condition, with 
all apertures closed and crew stationed, the metacentric 
height (as above stated) is very small, and the ‘rim 
may be sensibly and rapidly disturbed by smal! exter 
nal forces. Consequently very moderate angles of 
helm given to the horizontal rudders by the operator 
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will produce sensible changes of trim; and as the 
pressures on the rudders vary as the square of the 
speed of the vessel, increase in speed, with consequent 
increase in rudder pressures, demands greater skill and 

recaution on the part of the helmsman. A very 
smal] «znount of trim “by the bow,” in association with 
moderate speed when submerged, will bring a subma- 
rine to a considerable depth below the surface in a 
yery short time. Experience proves that with trained 
and disciplined operators at the helm, and with moder- 
ate speeds such as have been accepted hitherto, sub- 
marin¢s can be worked at fairly constant depths below 
the surface. On the other hand, many cases have 
occurred where submarines have reached considerable 
depth, and have touched bottom in consequence of 
sligh: accidents or failure in control. These consider- 
ation’ point to the conclusion that much higher speeds 
than have been obtained hitherto when submerged 
must be accompanied by greatly increased risk; and it 
may be questioned if the gain in offensive power ob- 
tained by increased speed justifies the change in these 
circumstances. For jarge submarines it is universally 
agreed that automatic appliances for regulating depth 
below the surface are not to be trusted, although they 
are successful in locomotive torpedoes. 

Close approximations can be made to the pres: ~$ 
developed on the horizontal rudders of a submarire 
moving at a given speed, and to the corresponding 
changes of trim produced in the vessel. Similar ap- 
proximations cannot be made at present to the pres- 
sures and inclining moments consequent on the stream- 
line motions in the water surrounding a submarine 
when she moves ahead. This matter can only be dealt 
with by direct experiment on models and submarines. 
In the course of the inquiry into the foundering of 
“4 8.” this conclusion was universally accepted. Dif- 
ferences of opinion existed as to the primary cause of 
that accident. It was obvious that the deeper draft, 
the lessened stability, and the open hatch all conduced 
to the disaster; but experienced witnesses asserted 
that they were not of opinion that the vessel could 
have been made to dive suddenly, as she did, if she 
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closely, the heights of metacenters above centers of 
buoyancy for the even-keel condition are treated as 
unity in both cases, although they differ widely, as 
above stated. Ordinates to the curves at any angle of 
trim measure the relative heights of the correspond- 
ing metacenter above the center of buoyancy. Fig. 6 
shows these heights for transverse inclinations, and 
Fig. 7 those for longitudinal inclinations. In both 
cases the effect of superstructures is omitted. Longi- 
tudinal stability is more important, and the results 
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merged depends upon the relative positions of the cen- 
ters of gravity and buoyancy, and moderate “meta- 
centric heights” have to be accepted. On the other 
hand, it is certain that equal attention should be 
directed to the conditions of stability in the awash 
condition, and in the stages of immersion between it 
and the diving condition. Submarine design is not a 
task to be intrusted to amateurs or imperfectly in- 
formed persons. Skilled naval architects alone should 
undertake the work, and the results of their investiga- 
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may be briefly summarized. Taking 4 degrees trim 
by the stern, the height of the metacenter above the 
center of buoyancy in the submarine is only 45 per 
cent of the height when the vessel is on an even keel. 
For the cruiser the corresponding figure is 100 per 
cent—that is, there is practically no change in longi- 
tudinal stability within the limit of trim mentioned. 
If the superstructure came into play in the submarine, 
the percentage of the metacentric height at 4 degrees 
by the stern to the height on even keel would exceed 
50 per cent. It will be seen, therefore, that for a 
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possessed as much as 6 tons reserve buoyancy. Others 
equally experienced entertained the opinion that this 
Was the real cause of the accident. After a careful 
analysis of the evidence the author was convinced that 
the latter opinion was correct. It was stated at the 
time that the Admiralty proposed to have experiments 
made at their experimental tank, and on actual sub- 
marines, in order to settle this difference of opinion. 
Up to the present time no results of such Admiralty 
experiments have been published; if they have been 
made, this silence is much to be regretted on scientific 
grounds, and no reason is seen for refusing the infor- 
mation. It has been stated authoritatively that experi- 
Wents of the kind have been made on models of sub- 
marines at the experimental establishment of the 
United States navy at Washington, and that the results 
have confirmed the opinion expressed by the author. 

In connection with the inquiry into the loss of 
“A 8” it was made known that her commanding officer 
revognized the fact that lessened stability must accom- 
pany deeper immersion, and that he trimmed the ves- 
sel 4 degrees by the stern (lifting the bow about 4 feet 
or 5 feet) in the belief that this change would make 
the vessel less liable to be driven under water by the 
Stream-line action on the bow. 

In considering all the circumstances, the author was 
consequently led to investigate the variations in sta- 
bility accompanying changes of trim in submarines, 
and to compare them with corresponding changes in 
other ships. The technical term “trim” here used 
Means the difference in draft of water at the bow and 
Stern; it has no reiation to “trimming” for diving. It 


Was obvious, of course, that the cigar shape must intro-— 


duce variations in stability with change of trim much 
sreater than those which would occur in vessels of 
ordinary form, and it was known that in ordinary ves- 
— the changes of trim which occur in service are not 
emt importance. Figs. 6 and 7 give the results 

aimed for the submarine awash, and for the cruiser 
ae draft, when changes of trim take place by the 

w and stern, up to 6 degrees from the “even-keel” 
In order to compare the two types more 


condition, 


cigar-shaped vessel departures from even keel are ac- 
companied by serious decrease in longitudinal sta- 
bility, and it may be doubted whether the depressing 
effect of the stream-line motions at the bow would be 
reduced to an equal extent, if at all, by raising the 
bow to the extent done in the case of “A 8.” The lat- 
ter point, however, is determinable only by direct 
experiment. 

Figs. 8 to 10 represent three conditions of draft 
and trim for the submarine dealt with in the calcula- 
tions. 

The foregoing statements lead to the conclusion that 


tions should be put into the form of simple practical 
rules for the guidance of officers and men. From the 
nature of the case—in consequence of the singular 
forms of the vessels, the small reserves of buoyancy, 
and the exceptional variations in stability which must 
be accepted in order to obtain the power of rapid sub- 
mergence—considerable risks must be taken. It is 
therefore the duty of all concerned to give all possible 
assistance to officers and crews in the form of informa- 
tion and instructions based on thorough investigation 
and experiment. 


THE ROCHE MOTOR. 

INTERNAL-combustion motors, as is well known, uti- 
lize a considerably less number of heat units than are 
developed by the combustion of the hydrocarbons 
since, although but 365 calories (1448.3 B. T. U.) per 
horse-power hour are required theoretically, to produce 
one horse-power-hour actually, the consumption reaches 
a figure six times greater. If such enormous losses, 
due to the circulation of water, to the elevated tem- 
perature of the walls, and to radiation, could be pre- 


_ Vented, the consumption of fuel would be brought much 


nearer the theoretical point. 

The object of the motor under consideration (which 
is of the four-cycle type) is to utilize the heat of the 
explosion, before expansion occurs, to raise the tem- 
perature of a gas or incombustible vapor (#uch as 
air, for example) that has been previously compressed, 
and to cause it to do work by its expansion. 

The motor comprises a small cylinder, A, provided 
circumferentially with orifices, B, and placed either 
(as shown in the accompanying diagrams) partially 
in the interior of a large cylinder, C, or wholly with- 
out it, if this is necessary on account of the construc- 
tion, and to prevent the parts that are hotter and 
consequently more expanded than the others from 
rupturing. In this case, the small cylinder, A, is con- 
nected with the large one, C, by tubes forming ex- 
terior conduits connecting the orifices, B, of the small 
cylinder, A, with the explosion chamber of the cylin- 
der, C. 

The main power piston, D, is located in the cylin- 
der, A, while the cylinder, C, contains a larger piston, 
E. The moments of these pistons are interdependent, 
so that the cycle described further along can be ef- 
fected. 

FOUR-CYCLE OPERATION, IN WHICH THE TWO CRANK- 
SHAFTS ARE CONNECTED THROUGH GEARS. 

In this case, the number of strokes of the small 
piston, D, is half the number of the piston, Z. Thus 
the crank, M, on the right makes two revolutions to 


PLAN VIEW OF ROCHE MOTOR. 


in the design of submarines the calculations for sta- 
bility require to be worked out by naval architects to 
an extent which is not necessary for ships of ordinary 
form, and that each departure from precedent must be 
most closely scrutinized and exhaustively considered. 
It is true, no doubt, that for the diving and submerged 
conditions, the essential point is to deal accurately 
with questions of weight and position of the center of 
gravity, since stability in all directions when sub- 


each turn of the crank, M’, on the left. The diagram 
represents the parts of the motor at the time expan- 
gion takes place. Let us commence, therefore, an ex- 
amination of the cycle during this period. 

Third Cycle.—In the middle of the expansion stroke 
the cranks, M and M’, occupy the position shown 
in the diagram. The rotary direction of the two 
cranks, indicated by the arrows, gives the direction 
of the respective displacement of the pistons. At the 
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end of the expansion the piston, H, is at the bottom 
of its stroke, as is also the piston, D. 

Fourth Cycle. Exhaust.—The piston, 2, forces the 
spent gases through the ports, B, and into the cylin- 
der. The valve, 8’, is open, and the gases are ex- 
pelled into the atmosphere. At the end of the ex- 
haust, the piston, D, closes the ports, B. 

First Cycle. Admission.—While the admission is 
beginning in C through the valve S, the piston, D, 
finishes expelling through S’ (which is open) the 
burned gases that it contains. 

Second Cycle. Compression.—The compression 
then begins at C. The piston, Z, compresses in its 
cylinder, C, the atmospheric air aspired through 8, 
and during this operation the cylinder, A, which con- 
tinues to increase in capacity owing to the movement 
of the piston, is put in communication through the 
valve seen at 8” in the plan, with the compression 
chamber, C. A portion of the compressed air, there- 
fore, passes through S” and traverses the nozzle, 0, 
at the same time that an injection of gasoline, forced 
by the pump, P, occurs through pipe, T. 

The nozzle therefore performs the function of an 
atomizer, and the gasoline escapes in a thin jet which 
is seized by the strong current of air furnished by 
the compression and distributed all around the jet. 

The object of the atomizer is therefore to form a 
homogeneous mixture. 

Third Cycle. Expansion.—As soon as the period of 
compression is finished in (C, the valve 8S” closes, an 
explosion occurs in A, and the uncovering of the ports 
B by D takes place. The heat produced, due to the 
high temperature of the explosion, is communicated 
to the mass of compressed air at C, and the expansion 
and third period with which we began our examina- 
tion of the cycle begins again. 

Thus, as may be seen, the object and raison d'etre 
of the small cylinder, the dimensions of which are de- 
termined by calculation, reside in the function of its 
piston, D, playing the réle of a slide valve and serving 
to separate the explosive mixture rich in hydrocar- 
bons from the air, which is non-combustible up to the 
time of the explosion; the mixture being formed im- 
mediately afterward by the opening of the ports B, 
which put in communication, through the annular 
space between the two explosion chambers, the in- 
terior of the two cylinders. This separation permits 
of diluting, so to speak, the rich burned mixture in a 
quantity of air or inert gas such that, without the 
separation, no explosion could have taken place. 

As can be seen from the diagram, cooling by a cir- 
culation of water is made use of only around the 
valves in order to assure their preservation, and it 
may, perhaps, be done away with later on. 

The operation with gears, although simpler, pre- 
sents some drawbacks, such as noise, the easy break- 
age of a tooth by the shock due to an ill-timed ex- 
plosion, the play between the teeth of two gears in 
mesh, etc. So the idea occurred to unite the motor 
shafts by connecting-rods, despite the slight complica- 
tion in operation that results therefrom. 


FOUR-CYCLE OPERATION WITH CONNECTING BODS UNITING 
THE TWO MOTOR SHAFTS, 


In this mode of operation, the crank, M, makes a 
number of revolutions equal to those of M’, although 
it is set at an angle of about 90 deg. in advance. 

First Cycle. Aspiration.—The small piston, D, at 
its half stroke, uncovers the ports B, and the air 
drawn in by the large piston, 2, passes through the 
valve S’ (which has become an automatic, suction- 
operated valve), and through the orifices B. 

Second Cycle. Compression.—The small piston, D, 
at its half-stroke, closes the orifices B, and the valve 
S’ opens at the beginning of the stroke in order to 
permit of expelling through the valve 8S’ (which 
afterward closes) the surplus air drawn in. The com- 
pression is afterward finished between the two pistons, 
the cylinders of which are put in communication by 
the open valve 8’; but it is only at the end of the 
second half of the stroke, when the small piston starts 
to return to its initial position, that the injection of 
gasoline occurs through T. 

Third Cycle. Explosion.—The valve S” closes, and 
the explosion in the small cylinder and the uncover- 
ing of the orifices, B, occur. The hot gases of the 
small cylinder heat the cold gases of the large one, 
and the expansion takes place between the two pis- 
tons. 

Fourth Period. Exhaust.—The small piston, D, 
closes the orifices, B, again; and then, during the 
first part of the stroke, the burned gases are expelled 
from the small cylinder A, either into the atmosphere 
through an additional valve, or, if it be desired to dis- 
pense with the latter, by sending them through the 
valve S” (open for a sufficient length of time) into the 
large cylinder, C, whence they escape through the 
open valve, S, which acts as an exhaust valve. During 
the second part of this stroke the small piston begins 
to aspire fresh air through 8’, while the other valves, 
S” or 8”, are closed, and the expulsion continues in 
the large cylinder, through the valve 8S, which re- 
mains open, 


TWO-CYCLE OPERATION, 


The two-cycle operation is more advantageous, since 
it reduces the mechanical frictions for the same power, 
gives one explosion per revolution, and doubles the 
power of the motor, while greatly reducing the loss 
due to the heat units carried along by the gases ex- 
pelled into the atmosphere. It requires, on the con- 
trary, the use of a connecting-rod uniting the two 
motor shafts. In this operation, the small piston, D, 
is always in advance of the larger one, £, by about 
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half a stroke. This advance is obtained by setting the 
crank, M’, about 90 deg. ahead of the crank, M. More- 
over, both of these cranks make an equal number of 
revolutions during the same time. Finally, the valve, 
8”, which puts the two cylinders in communication at 
the moment of compression no longer exists, but is 
replaced by another valve, 8S, which puts the small 
cylinder alone in communication with a small addi- 
tional compressor designed to furnish it with the pure 
air necessary to the explosion, and that, too, always 
through the intermedium of the nozzle, 7; while the 
gases of the expansion in the large cylinder, C, are 
again compressed in order to serve for the following 
expansion, after the expulsion of the excess alone of 
such gases, at the beginning of the compression stroke. 

First Cycle. Compression—The ports, B, of the 
small cylinder are closed during all this time. The 
small piston, D, during the first half of the stroke, ex- 
pels through 8S’ the burned gases in A, and during the 
second half sucks pure air compressed adiabatically 
through Sv, into the additional small compressor. 
This hot air is carbureted by a jet of hydrocarbon 
(kerosene or petroleum preferably) delivered by the 
pump, P. The high temperature of this air, caused 
by its adiabatic compression, favors the vaporization 
of the fuel. 

During this time the large cylinder expels through 
the valve, S, a portion of the gases which have just 
acted and are in excess, so that its compression stroke 
may be less than the expansion one. Then it com- 
presses the remaining gases, cooled by an injection 
of water, in an exactly necessary quantity, in order 
that, during the compression, the vaporization of such 
water may prevent the gas of the large cylinder from 
sensibly exceeding 100 deg. C., but without any water 
remaining liquid after the compression is finished. 

Second Cycle. Expansion.—During this stroke there 
takes place an explosion in the small cylinder, an im- 
mediate opening of the ports, B, a heating of the in- 
combustible gases in the large cylinder, and an ex- 
pansion between the two pistons. 

During the second part of this cycle the small piston 
reverses its motion and closes the ports, B, again. 

The complication of this motor is not what it seems, 
and, moreover, is amply compensated for by the saving 
in fuel that it effects—Translated for the ScrentiFic 
AMERICAN SUPPLEMENT from La Vie Automobile. 


CARBON DIOXIDE.* 
By Myron L. FULLER. 

Introduction of Liquid Carbon Dioride.—The quan- 
tities of carbon dioxide, or carbonic-acid gas, as it is 
popularly known, used in the production of carbonated 
beverages and for numerous other purposes has in re- 
cent years reached enormous proportions, and its pro- 
duction has given rise to a business of considerable 
importance. Up to about twenty years ago all carbon 
dioxide used was in the gaseous form and was mainly 
applied in the bottling and soda-water trades, the gas 
being in many instances manufactured, even by the 
retailer, by treating limestone or marble dust with 
acid. The inconvenience of this method, and especially 
the enactment of city ordinances against introducing 
the waste from the generators into sewers, led to a 
demand for a more convenient source, which was met 
in 1885 by the introduction by a New York firm of 
liquid carbon dioxide. In spite of its somewhat great- 
er cost it worked its way into favor until there are 
now about 40 factories producing liquefied carbon di- 
oxide in the United States, the annual output amount- 
ing to about 30,000,000 pounds. 

Sources of Carbon Dioride—The calcination process 
in which magnesium carbonate in the form of the 
mineral magnesite is finely ground and roasted in 
iron retorts was formerly among the most common, 
and is still used to some extent. According to Minor 
the gas, which commences to evolve at a low heat, is 
allowed to go to waste until all air is expelled from 
the retorts, after which the heat is increased and the 
gas conducted to the gasometer. The process requires 
about 24 hours to complete. 

Carbon dioxide is also obtained by treating mag- 
nesite, or limestone in the form of marble dust, with 
sulphuric acid. Still another method is to draw off 
by suction the carbon dioxide generated by fermenta- 
tion in closed vats in breweries, the gas being subse 
quently washed and purified by passing through a so- 
lution of potassium permanganate. In Europe the car- 
bon dioxide is most commonly obtained by passing 
the products of combustion from the burning of coke 
through potash lye, from which it is later expelled by 
heating under pressure. A ton of coke will yield on 
the average about 750 pounds of carbon dioxide. An- 
other relatively recent method is the liquefaction of 
the natural carbon dioxide obtained from spring wa- 
ters. This is described in detail later. 

Uses of Carbon Dioride——With the introduction of 
liquid carbon dioxide the applications of the acid were 
greatly extended, although the use in beverages still 
remained the most important. _A number of the pur- 
poses to which, according to Minor, its use has recently 
been extended are mentioned below in connection with 
its longer established uses. 

Manufacture of Carbonated Beverages.—The quantity 
used in bottled beverages and in sodas sold from the 
fountain is enormous. Twenty pounds of liquid car- 
bon dioxide are required to make 100 gallons of soda 


* Extract from Mineral Resources of the United States, published by the 
U_ S. Geological Survey. 

For data regarding sources and uses the writer is indebted to Mr. John 
(, Minor, Jr . Chem. Eng., vol. i.. 1905, pp. 212-218: for statistica of pro. 
rp. 42-03: and for to by Messrs, F, B, 
Weeks and B.C, Eckel, 
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water, a quantity not infrequently sold at a sincle 
store in a large city on a hot day, and the total quan. 
tity so used goes far to make up the thirty million 
pounds manufactured annually. Much of the remain- 
der is used in bottling. In soda fountains and in fi: 
ing siphons a pressure of about 180 pounds to the 
square inch is used, but in bottling 60 pounds is 4 
more common pressure. 

Drawing Beer——The use of carbon dioxide to pro- 
duce the pressure necessary to force beer or similir 
liquids from the point of storage to the taps is quite 
general and constantly increasing. The quality of tie 
beer is much superior to that where eompressed air is 
used for the same purpose, there being much less (e- 
terioration. 

Substitute for Secondary Fermentation of Bee, 
The use of carbon dioxide to replace secondary (er- 
mentation is rapidly extending because of the grat 
saving of time, although it is claimed by some that 
the beer so produced is of inferior quality. 

Operation of Block Signals—Another modern and 
rapidly increasing use of carbon dioxide is found in 
the operation of block signals by the electro-pneumatic 
process. The details are as follows: When a train 
approaches the signal it short circuits a track battery, 
thereby opening a relay and closing an electrical con- 
tact point, which in turn causes an electro-pneumatic 
valve to open, provided there is no train on the block 
ahead. Carbonic acid gas at 54 pounds pressure is 
thus permitted to pass from a secondary “tank, fed by 
a gas cylinder through a pressure regulator, to the 
semaphore casting, which, when forced up by the 
pressure, causes the blade to go from a horizontal or 
stop position to one of 60 deg., thus giving a proceed 
signal to the train. 

Extinction of Fires——The use of carbonic acid in 
the so-called “chemical engines” is very extensive and 
successful, but in most instances it has been found 
cheaper to produce the gas in the engine by agitating 
acid with some mineral carbonate than to use the 
liquid acid. The quantity of available gas, however, 
is much less under the present practice than it would 
be if the liquid form were used. The latter is éspecial- 
ly applicable where the fire occurs in a confined space, 
as in the hold of a vessel, where it has many advan- 
tages over water, having not only greater powers of 
penetration, but also greater efficacy in subduing com- 
bustion. It has been estimated that 150 cylinders of 
carbon dioxide will furnish enough gas to extinguish 
a fire in every hold of a cotton steamship. 

Refrigerants.—Carbon dioxide requires little space 
as compared with an ammonia-compressing apparatus, 
and because of less danger from its fumes in case of 
accidents, the absence of any tainting due to its odor, 
etc., it has many advantages over other forms of re- 
frigerants on shipboard. It has been extensively used 
in Europe and elsewhere for this purpose and is com- 
ing into use in America, notwithstanding its greater 
cost. The possibilities of its use as a sterilizing agent 
and food preservative are also encouraging. 

Treatment of Logwood.—The use of carbon dioxide 
in the extraction of dye from logwood tends to form 
a definite compound and to prevent decomposition, 
which formerly gave much trouble and detracted great- 
ly from the efficacy of the dye. The coloring agents 
produced by the new process may be applied much 
more satisfactorily to cotton fabrics than before, the 
resulting shades being far more perfect. 

Therapeutic Uses——Many thousands of persons, in- 
cluding many who have crossed the ocean from this 
country, visit and are benefited by the various car- 
bonated baths on the Continent. The internal use is 
also beneficial in many instances. We undoubtedly 
have in this country springs of equal medicinal value. 
which only require proper exploitation to place them 
with the European springs among the great thera- 
peutic springs of the world. 

Production of Carbon Dioride at Saratoga Springs.— 
Although carbon dioxide occurs in almost every nat- 
ural water, it is rarely present in quantities sufficient 
for commercial purposes. It is only at Saratoga 
Springs, New York, that practical use is made of it 
in the production of the liquefied acid. 

Formerly the waters bearing carbon dioxide emerged 
entirely as natural springs, but as the demand for the 
waters increased wells were sunk to tap the waters at 
lower levels. Over 40 such wells, generally 6 inches 
in diameter and ranging from 30 to 600 feet in depth, 
have been drilled to secure the carbon dioxide gas, the 
total yield of which is estimated at about 20,000 pounds 
per day. 

Geologic Conditions—The wells at Saratoga are lo- 
cated on a plain of gravel and sand 50 to 100 feet or 
more in thickness. Below these unconsolidated ma- 
terials are two limestones of diverse types separate? 
by a fault passing beneath the town and having 4 
bearing a little east of north. North of the town and 
only a short distance away are outcrops of crystalline 
rocks such as are characteristic of the Adirondacks. 
Beneath it and west of the fault is a hard massive 
bluish limestone known as the Beekmantown, whi!e 
east of it are the thin bedded arenaceous Trenton 
limestones. 

The wells yielding the waters bottled and sold for 
medicinal purposes start in drift along the east side 
of the fault, which they probably encounter at consi‘: 
erable depths and thus obtain their mineral waters. 
These wells carry much carbon dioxide, but rarely 
enough for commercial purposes and are seldom util- 
ized as a source of the gas. Most of the gas wells are 
located south of the town and obtain their gas in part 
beneath a resistant clay bed which they encounter at 
90 feet or less, and in part from the Trenton limestone 
at depths up to several hundred feet. 
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Source of the Carbon Dioride.—The gas at Saratoga 
appears to come mainly from the Trenton limestone. 
None is obtained from the Beekmantown beds west of 
the fvult or from the crystalline rocks; and the numer- 
ous wells along the fault, while yielding much gas, do 
not, «s was just indicated, afford it in commercial 
quantities. At Ballston Spa, a few miles south, carbon 
dioxiie is obtained from the thin shales. The occur- 
rence, though reaching a maximum at Saratoga, is by 
no means confined to this locality, gas being given off 
by the springs from the Trenton limestone and the 


Utica shales over a large area in this portion of the 
State. 

Origin of the Gas. Source in Limestones.—The 
quan'ity of gas given off, amounting at Saratoga alone 
to 2.000 pounds daily, is far too great to be derived 


from the decomposition of carbonaceous organic mat- 
ter, since the rocks contain little of such materials, 
and even the small quantity present does not occur 
in « form capable of affording carbon dioxide. 

The giving off of carbon dioxide is characteristic of 
the closing stages of volcanic eruptions, bat the gas 
is thought to come, perhaps, rather from the country 
rock with which the heated lavas have come in con- 
tact than from the magma itself. In the absence of 
hea'ed waters or any other indication of recent igneous 
activity near Saratoga, there is little upon which to 
base the theory of derivation from such sources. The 
volume given off, even since the springs have been- 
known, is far too great to have been derived from the 
stored waters from a magma long since cooled. 

The only available sources capable of furnishing 
carbon dioxide in the quantities observed seem to be 
the Trenton limestone or the calcareous portions of 
the Utica shales of the vicinity. The fact that waters 
carrying an excess of this gas are obtained from these 
formations over a wide area, but are not found in 
other rocks, tends to substantiate this view. That the 
gas at Saratoga is obtained mainly in the vicinity of 
faults is probably due to the more favorable conditions 
for underground circulation at such points. 

Nature of Chemical Reaction Involved.—Of the sub- 
stances present in natural waters those which can 
most readily react with limestone to produce carbon 
dioxide are the organic acids, colloidal silica, and 
sulphurie and hydrochloric acids. There is little evi- 
dence of the organic acids in the Saratoga waters, the 
small amount of organic matter present being mainly 
in the form of free ammonia, with practically no 
nitrites or nitrates. The magnitude of the operation 
going on also tends to show the incompetency of such 
acids. With one exception there is a general absence 
of sulphates in any but the smallest quantities, so it 
is probable that sulphuric acid may likewise be ruled 
out as an agent in the production of the gas. Colloidal 
silica, especially at high temperatures, might react 
with the calcium carbonate of the limestone and form 
the silicate of calcium, thus liberating carbon dioxide. 
The process is a very slow one at ordinary tempera- 
tures, and if actually going on must be adjusted with 
a nicety almost surpassing belief, since all the waters 
are unusually low in silica. In the case of chlorine, 
however, which is present in the waters in great quan- 
tity, we have a possible indication of originally muriat- 
ed waters, such as might be derived from recently in- 
jected igneous rocks. The chlorine may very likely 
have been derived, nevertheless, from the sedimentary 
rocks. The latter source of the chlorine is inherently 
much more probable than the former, yet it fails en- 
tirely to account for the free acid necessary to react 
with the limestones. On the other hand, there is no 
evidence of recent igneous activity which could account 
for the acid solutions. 

There has been recently discovered,* however, a 
volcanic plug a mile north of Schuylerville and about 
20 miles northeast of Saratoga, which, from the scori- 
aceous character of the lava and the imbedded bombs, 
seems to have been formed when the surface had a 
level only slightly higher than at present and far be- 
low the level of the supposed early Tertiary peneplain 
in this region. If any weight is to be given to this 
physiographic evidence, it would appear that the erup- 
tion occurred later than early Tertiary and before the 
close of the later Tertiary period of peneplanation, 
during which period it is thought the general level 
from which the plug now projects may have been pro- 
duced. It is highly improbable that solutions from 
this period of igneous activity have persisted in the 
crust to the present time, but the occurrence is sug- 
festive of the possibilities of still later intrusions 
which may not, however, have reached the surface. 

With the little evidence at hand and with the pres- 
ent knowledge of chemical reactions, it seems most 
likely that the carbon dioxide is being set free from 
limestones by the action of chlorinated waters, the 
only source of which, so far as known, seems to be 
igneous rocks. It is not at all improbable, however, 
that the gas is given off as the result of some process 
hot yet understood or suspected. 

Production.—The producers, owing to business rival- 
Ty, are not inclined to give information as to the 
quantity of gas obtained, but it is reported that a con- 


siderable proportion of the 20,000 pounds yielded daily 
is obtained from the drift into which it has passed 
from the underlying rocks. Only about half of this 
is recovered. The largest producers, therefore, are 
Said to be the relatively shallow wells, 30 to 100 feet 
in depth, of which so many have been drilled south of 


the town. Of the rock wells, those south of the town 
yield the most gas, obtaining it at depths said to vary 
from 150 to 600 feet. The rock gag if found at all in 
commercial quantities, is generally encountered at the 


* Woodworth, J. B., The Northumberland volcanic piug; fifty-fifth Aun. 
Rept. New York State Mus., 1903, pp. r17-r24. _ 


junction of the argillaceous Utica shale just over the 
Trenton limestone. Many non-producing wells have 
been drilled. 

The waters from the mineral wells in Saratoga are 
used mainly for medicinal purposes, although they all 
carry considerable gas. The following table shows the 
quantity of free carbon dioxide contained to each cubic 
foot of water as based on analyses.* The waters were 
bottled at their source, and although there is probdbly 
some loss, the quantities are very nearly correct. 

Carbon Dioxide in Mineral Waters of Saratoga 
Springs, N. Y. 
{J. R. Haywood and B. H. Smith, analysts.) 


Volume of Volume of 
Name of Spring Name of Spring Comoe 


or Water. Each Cu. Ft. or Water. Exch Cu. Ft. 


of Water. of Water. 


Cubie Foot. 
0.255 


Cubie Foot. 
0.763 


Hathorn ......... 0.075 High Kock ... .. 0.172 
Arondack......... Lincoln....... 0.408 
0.198 Victoria........ 0.161 
Magnetic......... 0.084 Carisbad........ 0.426 


Compression of the Gas.—From the wells, which are 


usually 6 inches in diameter, the water and associated 
gas, according to Minor, are piped to a separator, a 
large tank equipped with a 2-foot trap at the bottom, 
from which the water escapes, and with a pipe at the 
top leading to the gasometer into which the gas dis- 
charges. But little goes to waste except that actually 
in solution. From the gasometer the gas is drawn 
through calcium chloride driers to remove the mois- 
ture, after which it passes to the compressor, working 
generally in three stages, at, approximately, 60, 300, 
and 1,000 pounds. After a final cooling fixed weights 
of the gas are admitted into cylinders for shipment. 
The cylinders are made of lap-welded or seamless 
steel tubing; the smaller cylinders are about 54 inches 
in outside diameter and 4 feet long and are charged 
with 20 pounds of gas, while the larger are 8% inches 
in diameter and 51 inches long and are charged with 
60 pounds of gas. This is twothirds of the water 
capacity. The bursting pressure of the tubes varies 
between 5,100 and 5,900 pounds per square inch in the 
case of the seamless tubes, and between 4,900 and 
5,500 pounds for the lap-welded. All are tested to 


3,700 pounds before filling. Since the pressure, even . 


at 130 deg. F., is only 2,240 pounds, there is a wide 
margin of safety. 


SYNTHESIS OF ALCOHOL AND THE METALLIC 
CARBIDE.+ 

M. ARACHEQUESNE reviews the long period in which 
organic chemistry was able to proceed only by analysis. 
It was the French savant Berthelot to whom belongs 
the honor of having produced the first organic syn- 
thesis, that of alcohol. 

Four successive reactions were necessary: the first 
united carbon and hydrogen, producing acetylene; the 
second formed ethylene in presence of nascent acety- 
lene and hydrogen. Afterward, by combining sul- 
phurie acid and acety’ene, sulphovinic acid was ob- 
tained; the latter product was decomposed in contact 
with water, and alcohol and sulphuric acid were ob- 
tained, a molecule of water being combined with the 
ethylene. The same series of operations is in use to- 
day by the Compagnie Urbaine d’Eclairage par le Gaz 
Acetylene. 

By patient researches a mixture of oxides has been 
discovered, producing a carbide, which in the usual 
gas generators furnishes ethylene, thus uniting the 
first two operations. 

To produce sulphovinic acid, the ethylene is driven 
through a kind of Woolf apparatus, of lead, containing 
sulphuric acid. In practice, it is still necessary to re- 
constitute the metallic carbide by passing anew into the 
electric furnace the oxides precipitated in the gas gen- 
erator, and to concentrate the acid water to collect the 
sulphuric acid. It is then sufficient to pour the sul- 
phovinic acid into water and distill the product, to 
separate the alcohol. 

Different precautions have allowed the avoidance of 
the production of foreign bodies, such as acetic acid and 
cyanides. A mixture of alcohol and ether remains, 
which is easy to separate into its component. M. Ara- 
chequesne states that the alcohol thus produced in- 
dustrially is made at low cost. To estimate the value 
of the ethylenized carbon which serves as a point of 
departure in this production, calcium carbide may be 
taken for comparison. The price of this is estimated 
to be less than 100 francs per ton; it must not be for- 
gotten that this price is increased in France by the 
royalties of the Bullier patents. Experience has per- 
mitted estimating the consumption of the coke which 
furnishes the carbon at less than 200 kilogrammes per 
hectoliter of alcohol. Thus, with the expense of con- 
centration of the acid a total is reached of 5.25 frances 
to 6.50 franes per hectoliter of alcohol, to which must 
be added the cost of the electric current. 

It is evident that the economical production of arti- 
ficial alcohol is not to be effected except where water 
power is available at a moderate price. Under these 
conditions the cost price of synthetic alcohol permits 
of bringing it into competition with alcohols of veget- 
able origin at a profit, especially for industries em- 
ploying alcohol as a raw material, and in France in 


* Mineral Waters of the United States; Bull. 91, Bureau of Chemistry 
U.S. Dept. of Agr.. 1905, .p. 84-97. 
to the Société des Ingénieurs Civile of 
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general, since this country is largely tributary to 
others for these industrial products. 

M. Arachequesne notices other industrial syntheses 
which have been realized; that of benzine, that of 
acetic acid, that of acetic ketone, and different deriva- 
tives of ethylene, as chloroforms, iodoforms and bro- 
moforms. He cites the experiments of M. Walther, who 
has obtained the synthesis of glucose, those of a Ger- 
man company which has realized the fixation of atmo- 
spheric nitrogen, and the synthesis of camphor, express- 
ing in conclusion admiration for that powerful instru- 
ment, the electric furnace, which has contributed to the 
entrance of chemical synthesis into the industrial do- 
main. It will permit of obtaining artificially a great 
number of products, now extracted at much expense 
from organic substances. 


THE PHOTO-EXPRESS. 


THE process contrived by M. Ponsin-Druart for the 
rapid printing of photographs is well known and its 
successful use gives very fine effects. However, many 
photographers prefer copies obtained by photographic 
printing. These, it is true, cost a little more, but on 
the other hand it is not necessary to have special 
knowledge or training to obtain good results. The 
amateur will generally be able by this means success- 
fully to multiply his copies, and the professional, too, 
will usually be able to satisfy the most exacting of his 
customers. 

But photographic printing has two drawbacks. As 
we have said, it is a littke more expensive. This may 
be disregarded when but a few copies are taken, and is 
also not to be considered by the professional, who does 
not allow the residues of his operations to be lost or 
wasted. The second is, that the printing demands 
more time on account of the successive operations for 
obtaining the copy. This is more serious in profes- 
sional practice than for the amateur, with whom time 
is not always money. An inventor, M. Canet, has 
avoided this inconvenience by a printing apparatus to 
which he has given the name of “photo-express.” The 
apparatus has been the subject of a communication to 
the French Photographic Society. 

The apparatus, designed for the printing of gelatino- 
bromide papers, postal cards, etc., has been constructed 
to avoid the loss of time resulting from the manipula- 
tion of the ordinary frames, and to permit continuous 
work. It may be compared with that of a printing 
press and has a lantern body, containing a petroleum 
lamp. This source of light is sufficient for securing 
a good proof of a normal negative in three seconds. 
In front is a shutter mounted on one axis with the 
plate bearing the negative, and at right angles to the 
same. The first permanently shades the light by a 
red glass. The plate consists of a transparent glass. 
The two glasses, moving on the same axis, are kept 
in their normal positions by a counterweight, so that 
the red glass closes the apparatus hermetically, while 
the white glass is placed horizontally before the oper- 
ator, between the two metallic supports which receive 
the sheets of sensitive paper; that on the right for 
those to receive the impression, that on the left for 
those which are printed. Above the white glass sup- 
porting the negative, is a metallic shutter lined with 
felt, which, on being lowered upon the negative, keeps 
in place the paper or postal card which is to receive 
the impression. 

When the lamp is lighted and the flame adjusted at 
an average height, the negative is placed on the white 
glass; it is fastened with two or three gummed strips. 
The sheet of bromide paper is afterward placed upon 
the support on the right, which is slipped onto the 
negative, provided in advance with guiding marks. 
The metallic shutter is brought down; the pressure 
exercised raises the counterweight. The arrange- 
ment turns on itself; the obturator (red glass) 
ascends on the inside against the upper wall of 
the apparatus, while the white glass takes its posi- 
tion and thus allows the paper to receive the impres- 
sion. It is sufficient to keep it in this position for 
about three seconds for a normal negative. When the 
pressure ceases, the negative ascends of its own accord 
to its normal position, while the obturator closes the 
apparatus. 

To give a better idea of the simplicity of the move- 
ment, it may be compared with that occurring on 
closing the cover of a desk, which would afterward 
automatically rise under the action of a spring. It is 
sufficient, then, to slide the printed paper or card upon 
the left support, to take another on the right, and thus 
to proceed anew. Three hundred copies can be readily 
withdrawn in an hour. In the course of the manipu- 
lations necessary in a dark chamber, the operator 
obtains sufficient illumination from the red light ema- 
nating permanently from the apparatus itself. The 
development of the copies is afterward conducted as 
usual. 

The photo-express is quite simple in construction, 
as well as strong and durable. There are different 
models; large ones for professional photographers; 
smaller for amateurs, who wish to multiply copies of 
less importance, postal cards for example. But all are 
made on the same principle, and all work with the 
same certainty.—Translated from Cosmos. 


Soldering Grease.—In a fairly large receiver melt 
together over a gentle fire 500 parts of olive oil and 
400 parts of tallow; then pour into the mixture slowly, 
while stirring, 250 parts of powdered rosin; let the 
whole form a broth. Cool, and add 125 parts of a 
saturated solution of sal-ammoniac while stirring well. 
When cold, it is ready for employment.-—Les Corps 
Gras Industriels. 
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[Conelnded from Supriement No. 1508, page 25605.) 
THE SAN FRANCISCO LESSON.* 

By F. W. Frrzparrick, Secretary-Treasurer Interna- 
tional Society of State and Municipal Building 
Commissioners and Inspectors. 

Intelligence, progressiveness, leadership, are words 
we frequently hear applied, ay, that we constantly use 
in describing ourselves. What application have they 
to our generally accapted mode of constructing build- 
ings? True, we have evolved the “skyscraper”; no 
other people on earth have the conveniences in their 
homes and offices, nor does any other people bring 
such skill to bear in the utilization of space as we do, 
but at the same time let not those things make us 
over-conceited, for we have to acknowledge that no- 
where else, not even in China and Japan, the lands of 
paper houses, is the annual fire loss, in bulk, or pro 
rata, or in number of fires, anywhere near our own! 

And what dees this folly of flimsy building cost us? 
In the first place, nearly 7,000 lives are annually sacri- 
ficed to the god of Fire. In property we have offered 
up over a billion dollars’ worth on that same pyre 
in six years’ time. Our annual offering has reached 
the $200,000,000 mark. But that ts a normal year. 
What is a normal year? A period during which there 
are no extraordinary conflagrations. But we have 
reached the stage where we are paying for the follies 
of our youth, and “extraordinary” conflagrations are 
the order of the day, not the exception. Baltimore's 
fire took our total up to $250,000,000 for the year 1904. 
That was abnormal, we thought. But here, in just 
two years’ time, comes the San Francisco disaster, 
making our total for 1906 assuredly $500,000,000, and 
heaven alone knows what the next five months will 
develop! 

We have built so wisely that 1,000,000 buildings have 
been destroyed by fire during the last ten years; what 
a commentary upon the intelligence of our architects! 

Even in our normal years our average has reached 
3 theaters destroyed, 3 public halls, 12 churches, 10 
schools, 2 hospitals, 2 asylums, 2 colleges, 6 apartment 
houses, 3 department stores, 2 jails, 26 hotels, 140 flat 
buildings, ana 1,600 homes every week. New York 
averages 8,700 fires a year; Chicago, 4,100; and every 
day in the year there are 36,000 lives directly imper- 
iled by fire. In San Francisco’s one fire, 12 square 
miles of territory were devastated, 700 city blocks, 
over 11,000 buildings destroyed. 

All on account of poor building. 

But that is not the entire cost of fire. Think of the 
enormous losses in business, besides which our fire 
departments and the maintenance of water, etc., easily 
cost us $250,000,000 more a year, a sum that was made 
necessary, and that is growing every day solely on 
account of our mode of construction. And last but not 
least is the tribute we pay to the gentlemen who con- 
descend to gamble with us on the fire question—the 
insurance companies. We have paid them in pre- 
miums $1,610,885,242 in ten years. True, they indem- 
nify us for our losses to a certain extent. We some- 
times win, but as in all gambling operations, “the 
house” gets the major share of thé money that is 
brought within its doors. For instance, last year, the 
country over, we paid in premiums $196,352,374 
and got back from the companies in paid losses 
$95,272,488. “The house” got a cool “rake-off” of 
$100,000,000 for salaries, expenses, ete., and that we 
can properly add to the cost of our fires. 

And we still contend that we are intelligent! 

But’ to return to San Francisco. That stricken city 
offers a remarkably good illustration of this idea or 
theory we have pounded into people for years, that a 
“fireproof” building is only as fireproof as is its most 
vulnerable point, as a chain is only as strong as its 
weakest link. Those who visited the city must have 
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observed that where proper regard was had for the 
exterior of the structure, using materials there not 
readily injured by fire, such exterior is substantially 
intact, or very little damaged, though the interior was 
absolutely gutted. Where the steel frames were prop- 
erly made and tied and braced (and I must say right 
here that that was one part of the work that was well 
done in San Francisco; nearly all the big steel frames 
were thoroughly put together and extraordinarily well 
braced, and the result was that none of those big 


A Column in the Hotel Alexandra, Showing Failure at A 
Due to Insufficient Protection and the Fate of Metal 
Lath Partitions B. 


buildings collapsed) they withstood the quake and 
held the parts together; where those frames were prop- 
erly protected with fireproofing material, and the par- 
titions well laid and tied and the floors stoutly and 
firmly built, the interior of the structure is in good 
shape; where there was little of combustible nature 
in a building to create great heat, even the plastering 
was but triflingly scarred. In the Kohl Building, 
where metallic frames and doors were used, what little 
fire did creep in through the windows could not travel 
from room to room, and was quickly exhausted. In 
the few buildings where elevators or stairs were at 
any point inclosed, those stories were least, if at all, 
affected by fire from within—the damage was from fire 
through external windows; where those windows were 
protected by wired glass, as in the California Elec- 
tric Building, the interior, though of inferior construc- 
tion (not being attacked from within) was virtually 
saved intact. Now, then, to the intelligent man it is 
evident that each one of those things having per- 
formed its function well, any building assembling 
them all in its construction would constitute a really 
“fireproof” building. That and that alone will be a 
“fireproof” building. To my certain knowledge there 
is but one in the country, the Board of Underwriters’ 
Laboratory in Chicago, and that but a small, compara- 
tively unimportant structure. Until people learn to 
give equal attention to ail the details of construction, 
they will keep on building lamentably vulnerable struc- 
tures, however stout and stanch some of their parts 
may be. 

A most careful and painstaking study of the fire 
and quake in San Francisco has not changed my mind 
one iota as to what constitutes good building. The 


Aveust 25, 1906. 


theories that for the first time we had fully tested ;), 
Baltimore were but affirmed, further proven, corro}h. 
rated, here. 

The standard of a perfect building must needs }, 
the same everywhere, save that in localities where on, 
may naturally expect earthquake, as well as fire, eve; 
greater care should be taken. We must tie and brac 
our frame .gainst torsional strains and shocks. Oy, 
brickwork and every unit of the structure must nee: 
be bonded and tied to its neighbors, and the who: 
forming an integral mass and homogeneous with |); 
frame. 

With San Francisco still in mind, we must fir + 
secure a proper foundation for our model buildi: 
Much of the downtown district is on made groun 
therefore we should use caissons and concrete piers, 
reinforced concrete piles; our exterior walls should 
brick or concrete, but in either case faced externa! 
with well-burned brick and terra-cotta trimmings, an | 
internally with hollow brick or furring tile, all the 
oughly bonded together with plenty of metal fabric 
and good cement mortar. Some terra cotta went ‘» 
pieces in San Francisco simply because it was not we.! 
made. It is the architect's business to see that the 
materials he uses fulfill these requirements. Terra 
cotta must be of even thickness through ornament and 
plain surface, must be well burned in order to with- 
stand fire. On narrow streets and where sur- 
rounded by fire risks it must be patent that granite, 
marble, sand, or limestone or the artificial stone, con- 
crete, and stucco are not materials to be used. There 
is no element of doubt about that. Wherever flame 
touches them, it means destruction and scaling of thai 
part. The steel frames proper of San Francisco could 
not be improved upon. I would add but a little extra 
bracing at the center of the height of the building, 
and see to it that any quake movement would be taken 
up in the elasticity of the steel members, and not in 
the racking and shear of rivet connections. I would 
protect all external parts of steelwork, like lintels 
under cornices or window soffits, leaving not a particle 
of structural steel where fire could touch it. I would 
tie all the facing thoroughly to the frame, and while 
my storied brickwork would each be independent of 
the other, it would be so bonded and tied that any 
movement would show but an open joint at the story 
level, and not in great patches of brickwork literally 
thrown into the street. I would cover every particle 
of my steelwork thoroughly with cement, and then 
protect it with well-burned porous fireproof tile with 
at least two inches of that material between any steel 
member and fire. If steel were difficult to get or I 
were certain of considerable delay, I would use rein- 
forced concrete structural parts, girders, and columns, 
and beams, but I would be most careful in their in- 
spection and exceedingly nervous during their con- 
struction, and when all was done I would have every 
part just as carefully protected with brick or tile as 
I would my steel frame; it is almost as vulnerable. 
We have had a lot of beautiful theories fired at us, 
and even witnessed some very attractive laboratory 
tests, but, many experts to the contrary notwithstand- 
ing, I decline to accept a material as fireproof that 
loses 50 per cent of its efficiency when exposed to 750 
degrees of heat; the San Francisco fire developed as 
high as 2,000 degrees, and the Baltimore full 3,000. 
My floor construction would be of narrow-span, porous 
fireproof tile blocks, or if steel could not be used, then 
a particularly good system of reinforced concrete, but 
with its exposed surface fully protected with hollow 
tile blocks, suspended or otherwise fastened thereto. 
My partitions would be hollow fireproof tile, amply 
bonded with metal fabric, and set upon the floor con- 
struction and not on top of the floor strips or upon 
the finished floors as was done in San Francisco. My 
interior finish would be of metal, asbestos, or other 
non-inflammable material. My finished floors would be 


The Monadnock Building, Demonstrating Certain Effects of Heat on Reinforced 
Concrete Construction. Reinforcement B, Too Near Surface, Expanded 
Under Heat and Destroyed. 


The Flood Building, Showing Properly Built Tile Column Protection at B and 
* Failure of Wire Partitions at A and C. 


RUINS OF SAN FRANCISCO BUILDINGS, SHOWING HOW THE DIFFERENT CONSTRUCTIONS WITHSTOOD THE EARTHQUAKE AND FIRE, 
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of cement, or marble, or wood. My outside windows 
would be metallic or asbestos sash and wired glass, 
and in places where fire attack was certain, I would 
glaze with double glass. Internally, every elevator 
and stair shaft would be absolutely closed and reached 
matically-closing fireproof doors. The main 


by au 
stairw would debouch directly upon a street en- 
trance so that it would be utterly impossible for any 
smoke rom any incipient fire to get into that stair- 


way, aid it, the ordinary daily means of communica- 
tion, v uld also constitute a full-fledged and natural 


fire es’ pe. Great expanses of floor are much desired 
by retlers, but I would insist upon small units of 
space. ach automatically closing. Such arrangement 


js as « solutely essential to the well-constructed build- 
ing as are the water-tight bulkheads of a ship. You 
would not travel in a vessel where you knew for a 
certain y that the slightest puncture would mean its 
sinkin«; then why in heaven’s name will you inhabit 
a building where no precaution is taken to prevent 
fire from traveling from cellar to attic in the wink of 
apeye? Fire-fighting appliances would be installed at 
many points, a local water supply maintained, and 
employees carefully trained in their fire-fighting duties, 
in order to cope with the most insignificant blaze in 
any one unit of the building, before it could do any 
damaze to the owner's or tenants’ property. I would 
eschew the use of much carpet and tawdry stuff hang- 
ings, ind encourage the use of metal furniture in lieu 
of wood. It is full as handsome, costs no more, and is 
1,000 per cent better. Intelligence must conceive the 
manner of building, and experience dictate the mate- 
rials to be used. 

In such a building, and in such an one only, is there 
absoluie immunity from destruction. The tenants’ 
property can suffer only from insignificant local fire, 
his interests are best safeguarded, and the owner has 
in such a structure a permanent non-damageable in- 
vestment, self-insured. To do all these things well 
entails skill, true, but the cost is surprisingly little 
greater than that of the most ordinary buildings, while, 
sanely considered as an investment, not a speculation, 
it is an ultimate actual economy, a source of far 
greater revenue to the owner, satisfaction to all con- 
cerned, and the best assurance of the prosperity and 
well-being of the community. 

In San Francisco’s rebuilding, strict adherence to 
these requirements is all that will secure for it a just 
title to a well-built city. Serious and perhaps irrepar- 
able mistakes have already been made. The fire limits 
have not been extended, owing to the clamor made 
that stricter requirements would bar the poor man 
from building, and that a larger fire district would 
be a hardship upon many individuals; nor were her 
streets widened as first projected, and finally, with 
a mistaken idea of its being to the best interests of 


the peonle, no limit was placed to the duration of 
the iporary frame buildings now permitted every- 
where. The result will be that twenty years from now 


many of those “temporary” shacks will still be stand- 
ing, a menace to the better buildings and a source of 
very great expense to the city. Considered broadly, 
a few dollars more spent by each individual in the 
proper construction of his building will be infinitely 
less of a burden upon him than would a recurrence 
of this last awful disaster that, given the same condi- 
tions (fast growing up) is liable to, nay bound to 
occur again. Indeed, in the long run, taking into 
account taxation for fire departments and all that sort 
of thing, it would be of the very highest econ>~v, 
both to the individual and to the community, should 
San Francisco be sensible enough to rebuild of ex- 
clusively “class A,” the very best of fireproof construc- 
tion, whether high or low buildings. 

But not San Francisco nor any other city in the 
country will be sensible enough to adopt such rules for 
many a year yet; many billions of dollars’ worth of 
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property must stiM be destroyed before we iearn cur 
lesson. More than that, it is almost a waste of time 
to preach that lesson, the awful lesson of the San 
Francisco fire. 


SAND-LIME BRICK.* 
By FrRaNcES DENSMORE, 

THE making of brick is one of the oldest industries 
known to mankind. Egypt, Babylon, Greece, and 
Rome had their brickyards, and the industry has 
passed through many stages of development, but it 
remained for the nineteenth century to perfect the 


The Science Building, Showing How Heat Expands the 
Reinforcement of Concrete Beams, Destroying 
Their Efficiency. 


imitation of natural sandstone by the manufacture of 
sand-lime brick. 

Briefly described, sand-lime brick consists of a mix- 
ture of sand and lime moistened, molded under pres- 
sure, and hardened by the action of steam, forming 
a bond of calcium silicate. The formation of this cal- 
cium silicate bond is as distinct a chemical reaction 
as fusion, and the result is the production of a sub- 
stance similar in many ways to dry press brick, but 
shown by test to be superior to most sandstone in 
point of elasticity and crushing strength. 

The sand-lime brick of to-day is claimed to be simi- 
lar to the brick made by the ancients, which has 
withstood the ravages of time for hundreds of years. 
The modern method is the outcome of improvements 
made in the mortar brick, which has been known for 
years, and which was little more than a mixture of 
lime and sand mortar, hardened in the air without 
either moisture, pressure, or artificial heat. The addi- 
tion of these factors was the work of Dr. Michaelis, 
who discovered that the bond formed between the sand 
and lime under these conditions was an entirely differ- 
ent bond from that in the mortar brick, which in 
reality was little more than a hardening or solidifying 
process. This discovery was the beginning of the pres- 
ent sand-lime brick industry. : 

Dr. Michaelis lived in Switzerland about forty years 
ago, and had little idea of the value of his diseovery. 
The fundamental principle of the manufacture of sand- 
lime brick is now public property, and patents must 
be based on detail of manufacture. 

The commercial development of the industry does 
not date back more than fifteen years in foreign coun- 
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tries, and does not exceed seven or eight years in this 
country. In 1896 there were five factories in Ger- 
many; to-day there are more than three hundred, all 
running to full capacity, one plant having a capacity 
of 200,000 brick per day. Five years ago there were 
only five factories in this country; the latest reports 
show two hundred factories now in operation here. 

As in any clay-working industry the process varies 
somewhat with the quality of the raw material, as well 
as with the theories of the individual manufacturer, 
but the fundamental principle is the same in all pro- 
cesses, namely, the formation of a bond which consists 
of calcium-hydro-silicate, or calcium-magnesium-sili- 
cate or magnesium-silicate. 

The material necessary to the manufacture of a good 
sand-lime brick is a comparatively pure sand or granu- 
lar silicate, with the preference in favor of a quartz 
sand; and a comparatively pure lime, with the prefer- 
ence in favor of a high-calcium lime. The ordinary 
impurities in sand are mostly silicates and are not a 
detriment, as the sand should contain about 80 per 
cent of silica. Some sand, however, carries a_per- 
centage of clay or kaolin, and if this is present above 
6 per cent the brick would be liable to disintegration 
from age and exposure to the weather. Feldspar often 
enters into the composition of the sand, and if present 
above 10 per cent has a tendency to decrease the crush- 
ing strength and increase the tensile strength of the 
brick. 

Not only the chemical composition but the physical 
character of the brick is closely analyzed. The best 
results are secured from a mixture of coarse and fine 
sand, the latter furnishing the very fine particles to 
combine readily with the lime, and when pressed, leav- 
ing the smallest possible interstitial spaces, while the 
former increases the crushing strength of the finished 
product. A sharp sand is better than sand with round 
corners, being more susceptible to chemical action and 
offering more resistance to the sliding of the particles 
one upon another when subjected to pressure. The 
essential point is the proportion between fine and 
coarse sand, rather than the exact grade of either. 
Some manufacturers use no sand coarser than twenty 
mesh, others use sand of twelve mesh, and good brick 
has even been made from sand containing pebbles one- 
half inch in diameter. 

A high-calcium lime is most desirable for use in 
sand-lime brick, as tests have shown the calcium sili- 
cate to be a stronger bond than the magnesium sili- 
cate. The general practice to-day is to use from 5 to 
10 per cent of lime, the quantity depending somewhat 
upon the amount of silica in the sand. 

The sand is first screened to remove all stones, twigs, 
and roots; then it is thoroughly dried by passing over 
steam pipes. This drying assists the grinding of the 
sand, as well as exactness in proportion when water 
is added in the mixer. A few years ago less emphasis 
was laid upon the drying of the sand, and some fac- 
tories which take their sand from a bed 40 to 50 feet 
below the surface are still mixing it with the lime 
without either drying or grinding. 

From half to two-thirds of the sand used in one 
plant is ground in a pebble tube mill of the same 
type as that used in cement works. This weighs about 
40 tons, being lined with silex stones from Belgium. 
It is more than half filled with silex pebbles, which 
add about 40 tons to the weight of this ponderous ma- 
chine. All the sand coarser than 12 mesh—amounting 
to about 25 tons per day—is mixed with the pulverized 
lime and with the coloring matter (if the brick is to 
be tinted) and ground in this huge revolving cylinder, 
the finer sand being added later. The mixing of the 
fine and coarse sand requires experience and _ skill. 
An average combination is 50 to 70 per cent of sand 
12 to 80 mesh, the balance of the sand being 80 to 
150 mesh. 

After the proportion df fine and coarse sand is estab- 


Bullock & Jones Building. Note the Evil Results From Inclosing Pipes in Column Covering. 
Pipes Expand and Break Off Protection, and Heat Then Softens Columns, Which 
Crush in as at A and B. 


The Bullock & Jones Building, Showing the Insufficiency of Tile Col- 
umn Protection, Which Was Pushed Off by Inclosed Pipes. Beams 
Warped at FandC. Fire Burned Through Concrete at E. 


RUINS OF SAN FRANCISCO BUILDINGS, SHOWING HOW THE DIFFERENT CONSTRUCTIONS WITHSTOOD THE EARTHQUAKE AND FIRE. 
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lished the mixture is carried dry into a pug mill, 
where water is added at the discretion of the man in 
charge of this branch of the work. Other types of 
mixer and grinder in use are the ball or tube mill, 
the wet pan, and an inclosed cylinder with curved 
paddles or S-shaped mixing arms. 

The mixture of lime, sand and water is delivered 
into a hopper consisting of two sections which are 
used alternately, the section which is filled one day 
being emptied into the press the following day. This 
allows twenty-four hours for the complete hydrating 
of the lime and the coating of each particle of sand 
with a film of lime. The material when carried to 
the press is just moist enough to hold together when 
squeezed in the hand and is warm from the action 
of the lime. 

One of the most difficult points in the development 
of this industry was the building of presses sufficiently 
heavy to stand the tremendous strain placed upon 
them. The presses now in use are not unlike the 
clay presses, except that the gears and all essential 
parts are of cast steel instead of cast iron. A pressure 
of 400 pounds is required, this being 100 tons to each 
brick. Four bricks are pressed at a time, the™ pres- 
sure being uniform on the top and bottom of the brick 
and the full pressure lasting about 1% seconds. Two 
workmen tend the machine, removing the “green” 
bricks from the die and placing them upon a car. 
The bricks at this stage require careful handling, but 
one of them was recently tested and sustained the 
weight of a man without crumbling. Each car holds 
one thousand bricks. As soon as a car is filled it is 
run into a steel tube 6% feet in diameter, called the 
hardening cylinder. This in one plant is 74 feet long 
and capable of containing 22 loaded cars. 

When the hardening cylinder is filled the end of the 
eylinder is securely bolted into position and the steam 
is turned on, passing into a pipe on the floor of the 
cylinder and being distributed by means of a perfor- 
ated drum midlength. 

For nine hours a steam pressure of about 135 
pounds is maintained, and by means of this heat the 
brick are baked and dried at the same time, the small 
amount of moisture which remains being evaporated 
as the brick cool, At the expiration of nine hours the 
end of the cylinder is unbolted and the cars are run 
into the yards where the brick are stacked for storage. 

Brick may safely be used for building while still 
warm, but they continue to gain in strength for six 
months to a year after pressing. 

The natural color of sand-lime brick is a pale ivory, 
occasionally tinged with faint pink or yellow, accord- 
ing to the mineral composition of the sand. It can 
be easily colored by means of mineral oxide, and the 
accuracy of a device called the “proportioner” makes 
the color absolutely uniform. 

Of course the final test of this building material is 
its strength and durability when exposed to strain 
and the action of the weather, and it has met every 
test in a satisfactory manner when the bricks examin- 
ed have been properly manufactured. 

The highest strain allowed upon the best Portland 
cement by municipalities is 250 pounds to the square 
inch. According to the U. S. Geological Survey for 
1903 a weight of 1,000 pounds per square inch placed 
upon a cube of sand-lime brick produces a shrinkage 
of only 6.00125 inch in length. This shows that the 
brick will produce a structure of great rigidity, mak- 
ing it especially desirable for bridges and other struc- 
lures called upon to sustain a heavy and varying 
load. 

When the brick are properly manufactured there is 
no disintegration from freezing or moisture. 

There have been numerous tests of their fire-resist- 
ing properties. When subjected to intense heat and 
immediately plunged into cold water the bond on the 
surface is somewhat weakened but the brick remains 
intact and safe. This is natural, as the brick consist 
largely of quartz, which is a poor conductor of heat. 
A remarkable test was recently made by placing sev- 
eral bricks in a kiln in which they were subjected to 
a heat ranging from 2,500 to 3,000 degrees. Far from 
showing any signs of disintegration they gave evi- 
dence of being a very practical quality of firebrick. 

The question of porosity naturally arises, and some 
manufacturers claim to get the absorption down as 
low as 6 per cent, while brick made from very coarse 
materials will absorb as high as 15 per cent of water. 
Sand-lime brick having a crushing strength of 5,000 
pounds or ‘more per square inch will absorb water 
equal to from 8 to 10 per cent of the weight of the 
dry brick, and will be practically saturated at the end 
of forty-eight hours. 

In New York city several twelve-story buildings 
have been erected of sand-lime brick, and the Bureau 
of Buildings, Borough of Manhattan, has recently 
given its official approval to sand-lime brick as a de- 
sirable building material. 

It is difficult to estimate the future development of 
this new industry, producing as it does a building ma- 
terial which combines utility and durability with 
artistic effectiveness and beauty. 


Waterproof Coating for Shoes and Other Leather 
Ohjects.—Melt 18 parts of beeswax, and add, while 
stirring well, 1 part of borax in powder form; heat 
until a sort of jelly is obtained. In another vessel 
melt 6 parts of spermaceti; add 5 parts of asphalt var- 
nish, dissolved previously in 65 parts of oil of turpen- 
tine. Mix well, and pour into the first preparation. 
Color as desired. For a fine black coloration, for ex- 
ample, employ 5 parts of Frankfort black and 2 parts 
of Prussian blue—La Halle aux Cuirs, 


TONS AND IONIZATION. 


By Epvovarp SALLEs. 

Ir is only recently that ionization has become the 
object of systematic study and given rise to theories, 
properly so called, in physics and chemistry, but the 
conception of ions,* that is to say, of moving electri- 
fled particles of extremely small dimensions, is not 
new. It dates from the discovery of electrolysis, or 
the electrical decomposition of dissolved compounds. 

Electrolysis—The following is the theory now ac- 
cepted of this decomposition: When a salt is dis- 
solved in a liquid, a certain proportion of its mole 
cules are dissociated into two parts, to which the 
name of ions has been given. In the case of potas- 
sium chloride, for example, we should have chlorine 
ions and potassium ions. Now, if two wires attached 
to the poles of a galvanic battery are plunged into the 
solution, the potassium ions begin to move toward the 
negative pole, or cathode, and the chlorine ions toward 
the positive pole, or anode. This is the phenomenon 
which is known as electrolysis. The ions that move 
toward the anode are called anions and those that 
seek the cathode are called cathions. There are pro- 
duced, therefore, in the liquid which is being electro- 
lyzed, two opposing currents, composed respectively of 
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anions and of cathions, and these currents are in pro- 
portion to the strength of the electric current. The 
cathion consists of the metal of the salt, or of hydro- 
gen (in the electrolysis of water, for example) and 
the anion comprises the rest of the molecule. The 
velocity with which the ion moves in an electro- 
motive field of one volt per centimeter is called the 
mobility of the ion. The proportion of ions increases 
with the dilution of the solution, so that in infinitely 
weak solutions every molecule of the salt is dis- 
sociated into ions. The electrical conductivity of the 
solution is nearly proportional to the concentration. 
The quotient of the conductivity divided by the con- 
centration represents the molecular conductivity. As 
the concentration diminishes, the molecular conduc- 
tivity increases and approaches a limit. 

As the ions move toward the electrodes it is fair 
to infer that they carry electrical charges. For ex- 
ample, the charge of an ion of hydrogen, calculated 
from experimental electrolytic data (95,400 coulombs 
of electricity are required to set free a gramme-atom) 
and from the kinetic theory of gases, would be about 
0.000,000,000,3, or 3 xX 10-, electrostatic units, and its 
mass is less than the thirty-millionth part of a milli- 
gramme. It is in this form that the notion of an ion 
first presented itself. 

Ionization by Flames.—in general, gases are good 
insulators, but in certain cases they become conduct- 
ors. This conductivity is temporary and disappears 
soon after the agent which has evoked it has ceased 
to act. As has long been known, the gases contained 
in flames conduct electricity. Giese was unquestion- 
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ably the first to give an accurate description of this 
phenomenon. He found that by causing gases ex- 
tracted from flames to traverse two wire nettings, 
the first of which is connected with one pole of a bat- 
tery the other pole of which is grounded, while the 
second netting is connected with an electrometer, a 
true current of electricity is obtained. He observed 
that the conductivity of the stream of gas decreased 
for points remote from the flame, becoming zero six 
or seven minutes after the gas had issued therefrom. 
Giese suggested that the conductivity was due to the 
production of positive and negative ions bearing equal 
and opposite electric charges, equal to those ca.ried 
by the ions of electrolytes. The recombination of the 
positive with the negative ions into an electrically 
neutral system would thus explain the progressive 
disappearance of the original conductivity. 

Ionization by X-Rays.—From the beginning of the 
study of the Réntgen rays attempts were made to dis- 
cover whether they discharged electrified bodies, and 
experiment has shown that they do have this effect, 
whatever the sign of the electrical charge. Perrin in 
France and J. J. Thomson and Rutherford in Eng- 
land, who have studied this phenomenon most at- 
tentively, have clearly demonstrated the influence of 
the surrounding gaseous medium which, when travers- 


* From the Greek word ion, present participle of the verb eimi, to go, 
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ed by the rays, becomes a conductor and thus effects 
the discharge. Here, too, the conductivity is tempor. 
ary and quickly vanishes after the rays have ceiseq 
to pass. Gases thus rendered conductive have certain 
curious properties. Their conductivity may be de. 
stroyed by causing them to pass through water, ‘ine 


pile 
Fig. 3. 


metal tubes, or plugs of asbestos. The gas appears to 
contain some ingredient which is filtered out by the 
porous plug and attracted by the walls of the tube, 
as would occur with the water vapor contained in a 
gas traversing a tube wet with sulphuric acid. The 
conductivity is also destroyed when an electrical field 
is created within the gas. 

Fig. 1 shows a metal tube which is connected with 
one pole of a battery of many cells and surrounds a 
metal rod connected with the other pole of the same 
battery. A stream of air which has been traversed 
by Réntgen rays flows through the tube and then 
strikes the ball of a charged electroscope. When the 
connection with the battery is broken the electroscope 
is discharged (Fig. 1, a). Then, if the connection is 
restored, the electroscope recharged and the tube 
washed out with air which has not been traversed by 
Réntgen rays, the leaves of the electroscope will 
continue to diverge even after the rays are re-estab- 
lished. In this experiment a very large number of 
cells is required to destroy the conductivity entirely, 
though a weaker battery will diminish it appreciably. 
We have, therefore, every reason to believe that the 
“something” that has been added to the gas carries 
an electric charge. 

Now let us consider two plates of metal, A and B 
(Fig. 2), of which A is connected with one pole of a 
battery, the other pole of which is grounded, while B 
is connected with an electrometer. When a pencil of 
Réntgen rays is projected between the plates the 
needle of the electrometer at once begins to move 
with a velocity which may be taken as a measure of 
the current thus produced. By gradually increasing 
the number of cells of the battery, it is found that the 


current is at first proportional to the electromotive 
force employed, but afterward falls below the value 
given by this rule, ultimately attaining a value which 
remains constant for any number of cells up to the 
number that produces a spark discharge.* 

This limiting value of the current is called the cur- 
rent of saturation. In air, at atmospheric pressure, 
saturation occurs with an electromotive force of about 
60 volts. It appears, then, that only a finite quantity 
of electricity can be obtained from a mass of gas 
which has been made conductive by Rontgen rays. 

If we assume that the Réntgen rays, in their passage 
through gases, produce a definite number of positively 
and negatively charged material nuclei, the phenomena 
described above become comprehensible. In conse- 
quence of electrostatic attraction, the positive and 
negative nuclei would collide and they might, in some 
cases, reunite to form electrically neutral systems. A 
state of equilibrium would be produced when the num- 
ber of nuclei separated was equal to the number recom- 
bined. A gas thus rendered conductive may be 
likened to a mixture of three gases, the first consist- 
ing of the original gas, the second of the positive 
nuclei, and the third the negative nuclei. These nuclei 
have received the name of ions. A gas thus rendered 
conductive is said to be ionized, and the process is 
called ionization. 

To measure the rapidity of recombination it is neces- 
sary to compare the conductivity of the gas at various 
periods. In this way the law and the coefficient of 
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recombination can be determined if the elements from 
which they are deducible are known. 

The law of masses indicates that in mono-molecular 
combinations the reaction-velocity is proportional to 
the product of the concentrations of the two substances 
present. In the case of an ionized gas the rapidity 
of recombination is proportional to the product of the 


* We shall see that this law holds only for pressures of the order atmo 
pheric pressure, 
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quantities of electricity carried by the positive and 
negative ions contained in a unit of volume. If an 
electrical field is established between a wide metal 
tube and an electrode situated in its axis and a stream 
of ionized gas is passed through the tube, the electrode 
will capture the charges of opposite sign that remain 
free at that point of the stream. If the experiment 
is repeated at another point at a known distance from 
the first, the charge collected being measured each 
time, the coefficient of recombination may be com- 
puted. Values of this coefficient obtained by a differ- 
ent method show that, in dry air at atmospheric pres- 
sure, about one recombination occurs for every four 
co! lisions. 

in the case of diffusion in a narrow tube (see above) 
it is equally easy to measure the concentration of the 
ious in the gas before it enters and after it leaves the 
tube, and to deduce from these two measurements the 
coefficient of diffusion of the ions in the gas in ques- 


6, 


tion. The following table gives the coefficient of dif- 
fusion for several dry gases: 
Positive ions. Negative ions. 


0.025 0.0396 
Carbon dioxide .......... 0.023 0.026 
0.123 0.190 


These results show, first, that negative ions diffuse 
more rapidly than positive ions, and, secondly, that the 
coefficients of diffusion of ions are smaller than the 
coefficients of diffusion of gases into each other. Con- 
sequently, it does not seem permissible to ascribe 
molecular dimensions to the ions and we are led to 
regard them as aggregations of molecules. On this 
assumption the differences between the coefficients for 
positive and negative ions is explained by the differ- 
ence between their masses. 

The diffusion of the ions is inversely proportional 
to the pressure of the gas and is diminished by the 
presence of moisture. 

Various Cases of lonization.—Gases extracted from 
flames show the same characteristics as gases ionized 
by R6ntgen rays. 

Gases are also made conductive in the same way 
when they are traversed by cathode rays, Lénard rays, 
or the rays emitted by radio-active bodies. 

Air also acquires conductivity by contact with phos- 
phorus. The presence of both positive and negative 
charges is shown by the following experiment (Fig. 3). 
A glass tube containing a bit of phosphorus pierces 
the cover of a glass box which bears, on two opposite 
internal surfaces, strips of tin foil which may be con- 
nected with the poles of a battery of 900 volts E.M.F. 
Before the connection is made a vertical }uminous col- 
umn, caused by the oxidation of the phosphorus in 
contact with moist air, is visible in diffused light, but 
when an electrostatic field is created by closing the 
circuit this column immediately divides into two, 
which diverge toward the strips of tin foil. 

There are cases in which charges of only one sign 
are produced. One of these is “Hertz’s phenomenon,” 
shown by directing a bundle of ultra-violet rays upon 
an electrified surface of zinc. The rays instantly dissi- 
pate a negative, but do not affect a positive charge. In 
this case, according to Lénard, true cathode rays are 
produced. 

Platinum heated to redness emits negative charges. 
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The phenomenon persists at low pressures, diminish- 
ing with time, but the original property of the metal 
can be restored in various ways. 

Freshly generated, or “nascent,” gases (hydrogen 
and chlorine) also contain free charges of electricity. 
This includes gases obtained by electrolysis. By elec- 
trolysis, sulphuric acid yields negative oxygen and 
hegative hydrogen, while positive oxygen is obtained 
from caustic potash. 

The brush discharge is also due to ions of one sign 
only. 

Mobility of Ions.—The current produced in the ex- 
periment illustrated by Fig. 2 is due, as we have seen, 
to moving ions. If the plate B is connected with the 
bositive pole of the battery and A with the elecitro- 
meter the negative ions immediately move toward B, 
the positive ions toward A, with velocities dependent 
upon the strength of the electrostatic field. The 
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“mobility” is defined as the velocity of an ion in a 
field of one volt per centimeter. Many different meth- 
ods have been employed for the measurement of ionic 
mobility. I will describe only one, which is applicable 
to a great variety of conditions and which gives forth 
proof of the dissimilarity between positive and nega- 
tive ions. 

This method consists in comparing the velocity of 
the ion in a field of known strength with fhe known 
velocity of a stream of gas. Consider such a stream 
flowing through a metal tube (A B, Fig. 4). A fine 
pencil of Réntgen rays, entering through the alumi- 
nium window D, ionizes the gas which, in its passage 
along the tube, encounters an insulated wire netting, 
E, connected with an electrometer, and a second net- 
ting, EZ’, connected with the tube and also with the 
positive pole of a battery, of which the negative pole 
is grounded. Under these conditions the positive ions 
move toward EZ and the negative ions toward £', but 
the movement of the former is opposed by the stream 
of gas, flowing in the direction of the arrows, so that 
a certain strength of the electrostatic field is required 
to give the positive ions a velocity which will enable 
them to reach E. Now, if the direction of the field is 
reversed, the negative ions will move toward E and 
the same strength of field would be required to enable 
them to reach EZ, if the velocities of positive and nega- 
tive ions, in a given field, were equal. The experiment, 
however, proves that negative ions move more rapidly 
than positive ions. In accordance with the molecular 
theory of gases, this fact indicates that the negative 
ion is probably smaller than the positive ion. 

This method has been used with various modifica- 
tions by different experimenters. It is not applicable 
to ionization by flames, ultra-violet rays, incandescent 
bodies, or the brush discharge, in which cases the 
mobility of the ions has been measured in other ways. 
The following table cortains various determinations of 
mobilities in centimeters per second: 

IONIZATION BY RONTGEN RAYS. 


Positive Negative 


ions. ions. Observer. 
1.36 1.87 Zeleny 
1.47 1.7 Langevin 
Oxygen, dry ..... 1.36 1.80 Zeleny 
Oxygen, moist .... 1.29 1.52 Zeleny 
Carbon dioxide, dry 0.76 0.81 Zeleny 
Carbon dioxide, dry 0.85 0.9 Langevin 
Carbon dioxide, 

0.82 0.75 Zeleny 
Hydrogen, dry.... 6.70 7.95 Zeleny 
Hydrogen, moist .. 5.30 5.60 Zeleny 

IONIZATION OF ULTRA-VIOLET RAYS. 
1.4 Rutherford 
veces 3.9 Rutherford 
Carbon dioxide.... ... 0.78 Rutherford 
IONIZATION BY BRUSH DISCHARGE. 
Hydrogen ........ 5.4 7.43 Chattock 
Carbon dioxide.... 0.83 0.825 
IONIZATION BY FLAME, 
0.04 to 0.23 MacCleliand 
IONIZATION BY PHOSPHORUS AND IN NASCENT GASES. 
1 1 
— to — Bloch 
2000 3000 


It will- be observed, in the first place, that the mo- 
bility is diminished by moisture, a result which be- 
comes intelligible if we assume that water vapor, con- 
densing on the ions, increases their mass. We see, 
further, that in nascent gases and ionization by flames 
and by phosphorus, the mobility is incomparably 
smaller than in the other cases. This fact led M. 
Bloch logically to the conclusion that the ions are 
much larger in these three cases than in the others. 
We are, therefore, brought to the hypothesis of two 
kinds of ions, large and small. M. Langevin* has cal- 
culated the dimensions of ions from theoretical con- 
siderations and the mobilities determined by him and 
other observers. He finds that the diameter of the 
negative ion must be twice as great, and that of the 
positive ion three times as great, as that of a molecule. 
The ion, therefore, may be conceived as a central 
nucleus surrounded by a layer of molecules held by 
electrostatic attraction. 

In view of the motions which constitute heat colli- 
sions between ions and molecules must occur. Calcu- 
lation shows that at ordinary temperatures the impact 
is not sufficiently violent to detach a molecule from 
the ion, but this conclusion does not apply to very 
high temperatures at which, consequently, this agglom- 
eration probably ceases to exist. This result is in 
complete accordance with the mobilities observed in 
actual flames which demand, for the positive ion, a 
mass equal to that of hydrogen in electrolysis and, for 
the negative ion, a mass one thousand times smaller. 

The mobility is inversely proportional to the pres- 
sure. 

The conclusions in regard to the structure of ions 
deduced from the measurement of mobilities are thus 
in entire agreement with those suggested by measure- 
ments of diffusion. At high temperatures the coef- 
ficient of diffusion must also be greatly increased as, 
indeed, is proved by the following experiment (Fig. 5). 
The ball of a charged electroscope is surrounded by a 
hood of wire netting. If a small flame is merely 
brought near the netting, allowing the flame gases to 
cool before they strike the latter, the electroscope is 
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immediately discharged, but if the flame actually 
touches the netting the elevated temperature causes 
so rapid a diffusion of the ions that no discharge 
oceurs. 

Condensation Experiments.—We will now examine 
certain experiments by which the number of ions pres- 
ent and the magnitude of their electrical charges may 
be determined. If a stream of flame gas is caused to 
impinge upon a jet of invisible water vapor, or a 
brush discharge is produced near the jet, a cloud due 
to condensation is observed (Fig. 6). Von Helmholtz 
and Richarz attributed this effect to ions. On the 
other hand, it has long been known that the sudden 
expansion of gas saturated with water vapor produces a 
condition of supersaturation which will ultimately be 
terminated by the condensation of the excess of vapor. 
At first there is a visible condensation, due to the 
presence of dust particles which serve as nuclei of con- 
densation, but after all the dust has been washed down 


by the drops thus formed condensation will go on only 
at the walls of the vessel, slowly, and no drops will 
be formed within the gas. If, however, the gas is 
ionized drops will appear immediately after the expan- 
sion. C. T. R. Wilson has studied this phenomenon in 
the following manner: The expansion takes place in 
the vessel AB (Fig. 7) containing air saturated with 
water vapor. The cylindrical part, B, contains a piston, 
C, consisting of an inverted glass test tube with its rim 
ground smooth. The interior of the tube communi- 
cates with the vacuum chamber F by means of the 
cock E', the opening of which causes the piston to fall 
suddenly. It is raised by opening the cock EH, com- 
municating with the atmosphere, and closing the cock 
when the desired height is attained. The ratio be- 
tween the known capacities of the vessel before and 
after the descent of the piston gives the amount of 
expansion. After several successive expansions and 
condensations have completely purged the air of dust 
no further condensation occurs until the expansion 
ratio has been raised to 1.25. Then a few drops are 
formed, and when the expansion reaches 1.38 a thick 
fog is seen. But if the supersaturated air is traversed 
by Réntgen rays a dense cloud appears, even with the 
expansion ratio 1.25. Now, if the metal plates L and 
L* are connected with the poles of a battery capable of 
producing an electrostatic field strong enough to hold 
the ions formed, and the expansion is repeated, no 
cloud is seen. There appears to be an ultimate con- 
nection, therefore, between condensation and the pres- 
ence, throughout the air, of electrified nuclei, or ions. 
The phenomena are not altered by the substitution, 
for the Réntgen rays, of other ionizing agents, such 
as radio-active matter, a brush discharge, or ultra-violet 
rays. We must admit, therefore, that the centers of 
condensation are simply the ions formed within the 
air. 

Now, suppose the vessel A divided by a metallic par- 
tition, H (Fig. 8), connected to earth, and the battery 
arranged to charge L positively and L' negatively. As 
the air is ionized only in the immediate vicinity of the 
partition* most of the free ions in the left compart- 
ment will be positive as the negative ions will be held 
by the attraction of L, and for an analogous reason the 
air in the right compartment will contain chiefly nega- 
tive ions. In this way the formation of positive and 
negative ions can be studied separately. It is observed 
that an expansion of 1.25 produces a cloud in the left 
compartment, while an expansion of 1.31 is necessary 
to produce one in the right compartment. 

With this expansion the cloud settles with equal 
speed on both sides of the partition, showing that the 
numbers of the ions are equal. As the mobilities of 


Fig. 9. 


positive and negative ions in moist air are very nearly 
the same, it follows that Z and L’ accumulate equal 
quantities of electricity and that the positive and the 
negative ions carry equal charges. 

If, now, we can measure simultaneously the quantity 
of water condensed, the size of the drops, and the 
total charge we shall have all the data required for the 
calculation in absolute measure of the cnarge of a 
single ion. For this purpose the vessel in which the 
expansion takes place is connected with another vessel 
(R, Fig. 9) which is covered with a thin sheet of 
aluminium and contains a layer of water in metallic 
connection with an electrometer. The condensation 
cloud being formed as before, the reading of the elec- 
trometer gives the total charge. Stokes has given & 
formula for computing the size of the drops in such a 


* Comptes Rendus de |'Académie des Sciences, January, 1906, 


* By a vertical pencil of X-rays, bisected by the partition,—Editor, 
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cloud from the velocity with which they fall and the 
weight of the condensed water is obtained by a simple 
calorimetric calculation. Thus we have all the data, 
from which Prof. Thomson finds 3.4 x 10—10 electro- 
static units of electricity for the charge of a single 
ion. Now, the charge of an atom of hydrogen in elec- 
trolysis is 3 x 10-10 electrostatic units. Hence, we 
conclude that positive and negative ions bear equal but 
opposite electrical charges, each equal to the charge 
of an atom of hydrogen in electrolysis. lonization by 
radium and by ultra-violet rays give substantially the 
same result. 

Gases evolved by electrolysis also produce clouds 
when they expand after being saturated with water 
vapor. As in this case also the presence of an elec- 
trostatic field prevents the formation of the cloud, the 
logical inference is that the ions are the centers of 
condensation. Here, also, the size of the drops, the 
weight of the cloud and its charge, measured by an 
electrometer connected with the vessel, suffice for the 
computation of the number of drops, and therefore of 
ions, and the charge of each. The values of this 
charge obtained by Townsend are: 

For oxygen (positive, from electrolysis of 

For oxygen (negative, from electrolysis of 

For hydrogen (positive, from electrolysis 
3/2 K 10—10 

The value given for hydrogen is uncertain, as it was 
difficult to measure the velocity of fall of the drops, 
but the other values, especially the second, show a 
striking agreement with the value given above for the 
atomic charge of hydrogen in electrolysis. 

From all this we conclude that every ion, no matter 
how it is produced, bears a positive or negative charge 
numerically equal to the charge borne by an atom of 
hydrogen in electrolysis. 2 

Ions, Corpuscles, and Atoms.—It has been demon- 
strated that the 8 rays of radium are identical with 
cathode rays, and the a rays with canal rays. The 
ions appear to be aggregations, but we shall see that 
the center of the positive ion is a particle identical in 
nature with those which compose canal rays, and that 
the nucleus of the negative ion is altogether similar 
to the particles which constitute cathode rays. The 
ratio of the charge, e, to the mass, m, of the cathodic 
particles has been determined by experiment. The 
mean of a large number of measurements is 1.84 x 10-7, 
where e¢ is expressed in electromagnetic units. The 
velocity of the particles deduced from this ratio is 
enormous, in some cases attaining one-third of the 
velocity of light. 

M. Becquerel’s experiments on the 8 rays of radium 
give for the ratio e/m a value of the same order of mag- 
nitude as the above, the velocity being still greater and 
approximating to that of light. 

In Hertz’s phenomenon, and in the emission of nega- 
tive particles by incandescent platinum in an atmo- 
sphere of hydrogen, the ratio of the charge of the 
particle to its mass is the same—or at least, of the 
same order, which is a very satisfactory agreement in 
measurements of such difficulty. Furthermore, Lénard 
has proved the presence, in Hertz’s phenomenon, of 
rays entirely similar to cathode rays, though of less 
velocity. 

Now, if we compare the results of experiment, we see 
that the mobilities of ions produced by Hertz’s phe- 
nomenon, by strongly heated metals, and by the brush 
discharge are of the same order; that the coefficients of 
diffusion of ions produced by Hertz’s phenomenon, the 
brush discharge, radium and the X-rays are the same. 

The ratio of mass to charge for cathode rays, the 
8 rays of radium, the cathode rays of Hertz’s phe 
nomenon and the particles emitted by incandescent 
carbon is always a quantity of the same order of 
magnitude. 

From all this it is reasonable to infer that the 
negative ions are identical in all cases and that, as we 
have been led to regard them as aggregations, they 
must have nuclei identical with the particles which 
compose cathode rays. 

The value of e/m found for the negative particle is 
about 2,000 times greater than the same ratio for the 
hydrogen ion in electrolysis. As the charge is the 
same in each case it follows that the mass must be 
2,000 times smaller in the first case than in the second. 
In other words, the mass of nucleus of the negative 
ion is 1-2000 of the mass of an atom of hydrogen in 
electrolysis. This nucleus has received the name of 
“corpuscle.” 

For reasons mentioned in the discussion of the mo- 
bilities of ions, we infer that the nucleus of the posi- 
tive ion is of the same order of magnitude as the atom. 

An atom, then, may be regarded as composed of 
identical corpuscles, each having a mass of about 
3 xX 10-10 grammes. As the atom is electrically neu- 
tral, it is assumed that the negative corpuscles are 
grouped about a positive charge numerically equal to 
the sum of their charges. When a gas is traversed by 
cathodic emissions or rays, the impact with the atoms 
expels a corpuscle (only one, probably) from each of 
a number of atoms. The atom is divided into two 
parts, one being a corpuscle with a negative charge 
and the other consisting of the remainder of the atom, 
charged with an excess of positive electricity. If the 
pressure is sufficient, neutral molecules group them- 
selves about each of these parts in consequence of 
electrostatic attraction, and thus positive and nega- 
tive ions are formed. But, if the gas is greatly rare- 
fied, the corpuscles may behave like true cathode rays 
if the velocity of such rays is imparted to them. The 
electrostatic field required for this result approximates 
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to the strength needed for disruptive discharge. Then 
there occurs a further ionization due to the impact of 
the corpuscles upon the atoms of the gas, and the cur- 
rent, as indicated by the electrometer, increases rap- 
idly until a spark passes. 

This is ionization by impact, but the same results 
are obtained in ionization by radio-active matter, 
X-rays, and Hertz’s phenomenon. This is another 
proof of the identity of the corpuscle and the cathodic 
particle*, for at the pressures at which these phe- 
nomena are clearly marked the aggregation which con- 
stitutes the ion cannot be formed. 

Henceforth, therefore, the atom, which chemists 
have regarded, provisionally, as the ultimate result of 
the subdivision of matter, must be considered as itself 
composed of a multitude of smaller particles.—Trans- 
lated for the Screntivic AMERICAN SUPPLEMENT from 
La Revue Universelle. 


APPARENT RELATIVE MOTIONS OF ROTATING 
DISKS. 


Sicut may be called the king of the senses, as the 
realm of sensation which it governs is wider than that 
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Illusions of similar character, however, can be pyro. 
duced by the rotation of unperforated disks beari»z 
suitable designs. The simplest and best-known exa)»- 
ple is that of the rotating spirals described in He!» 
holtz’s “Physiological Optics” (Fig. 1). The spira: 
if their geometrical center lies in the axis of rotatic, 
appear to expand or contract according to the dir: 
tion of rotation. If the eye, after looking steadily «; 
the rotating spirals for a minute, is directed towa,;) 
a motionless surface covered with a regular pattern, 
the latter appears to move radially in a direction . 
posite to the apparent radial motion of the spirals, 
contracting if these have seemed to expand, and cor- 
versely. An illusion similar to the one last mention: 
is experienced by a railway passenger who, after });»- 
longed gazing at the foreground of the panorama | 
ing past him, suddenly turns to a patterned chair bac x 
or similar object inside of the car, which appears ‘9 
move in a direction opposite to that of the landscaj-. 
So, too, a cylinder marked with lines like the threa‘s 
of a screw seems to move longitudinally in one (i- 
rection while it rotates, and in the opposite direction 
after the rotation is suddenly stopped. The illusion 
produced by the rotating disk is greatly intensified by 
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of any other sense. Yet it is not an all-wise ruler, but 
is easily led into error by unusual and unfamiliar con- 
ditions. Among the most curious of optical illusions 
are those which are produced by rotating disks. 

These illusions include the production of resultant 
and complementary color sensations by colored disks 
and the well-known phenomena of the stroboscopic 
disk bearing pictures of the successive positions of a 
moving object, and an equal number of equidistant 
slits. As the disk rotates between the eye and a mir- 
ror, each picture is seen by reflection for an instant, 
and this presentation of the successive phases of mo- 
tion in their regular order produces the effect of a 
moving object. The same result is obtained by various 
means in the kinetograph, bioscope, etc. 


* The name corpuscle primarily applies to the cathode particle.—Tr, 


breaking up the curves into spiral ares which, from 
the center to the circumference of the disk, are alter- 
nately right-handed and left-handed (Fig. 2). 

The apparent expansion or contraction of the rota'- 
ing spirals is due to an unconscious following of the 
moving figure and an involuntary wandering of the 
glance over the field of view. As the elements of th« 
spirals which cut any fixed radius at any instant are 
farther from or nearer to the center than the elements 
which cut the same radius a moment before, the eye 
interprets all these progressive changes as an expal'- 
sion or a contraction of the whole figure. The illusion 
is greatly weakened if the spirals are placed eccen- 
trically as in Fig. 3. In this case the outer parts ©! 
the figure, at least, appear merely to rotate, withou! 
expanding or contracting. 

These geometrical conditions are reversed when 
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circles are substituted for the spirals. All parts of a 
circle whose center is in the axis of rotation are equi- 
distant from that axis, but the parts of an eccentric 
circle are at unequal distances from the axis, The 
eye, ‘hough apparently fixed on the center of the disk, 
javolintarily seeks the center of the eccentric circle, 
and © the illusion of a rotation about that point is 
prod wed. If this unconscious judgment is aided by 
making the moving eccentric circle tangent to a fixed 
circle, say the circumference of the disk, the illusion 
of one cirele rolling inside of another becomes perfect 
(Fig. 4). 

This fundamental experiment may be developed, as 
shown in the following figures. Mig. 5 shows two ec- 
centric circles which apparently roll around a small 
fixed circle; Fig. 6 a moving system of circles tangent 
to a fixed system; Fig. 7 two moving systems with 
their centers on opposite sides of the axis, an arrange- 
men’ which makes the apparent rolling more rapid. 
still more curious is the effect produced by giving 
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inequalities in the proportion of white to black at dif- 
ferent distances from the axis cause unequal] fatigue 
in different parts of the retina. But the maximum 
fatigue is not attained simultaneously for all the colors 
that compose white, being produced sooner by red, for 
example, than by green. The result is that the gray 
tone of the rotating black and white disk acquires 
either a reddish or a greenish tint, according to the 
character of the illumination, the pattern of the disk, 
and the speed of rotation. Something of this effect 
may be observed with most of the figures which have 
been described, and with suitable illumination (day- 
light or lamplight) differences of tint in the various 
parts of the figure may be detected. 

The illusion of rolling produced by eccentric circles 
suggests the employment of other curves. An eccen- 
trically placed ellipse tangent to a circle whose cen- 
ter is in the axis appears to roll around the circle, but 
there is also an illusion of oscillation, or rolling for- 
ward and backward, which varies with the position of 
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Fig. 17. 


Fie. 18. Fria. 19. Fie. 20 


Fie. 21. 


Fie. 22. 


Fie. 28, 


APPARENT RELATIVE MOTIONS OF ROTATING DISKS. 


differences of phase to the elements of the system, as 
in Fig. 8, where the successive points of contact are 
180 deg. apart, and in Fig. 9, where they are 90 deg. 
apart. In these cases one circle appears to roll after 
another. Fig. 10, finally, shows a system of circles 
tangent to each other on a common radius. 

Figs. 11 and 12 represent superposed circular disks, 
alternately white and black. In the former the centers 
of all the white disks lie in the axis of rotation, while 
the black disks are eccentrically placed but are con- 
centric with each other. In Fig. 12 the disks are ar- 
Tanged so that the exposed parts form spirals, On the 
other hand, the writer first obtained the illusion of 
One circle rolling on another from a rotating disk in- 
Scribed with a right-handed and a left-handed spiral 
(Fig. 13). 

Sectors of the combination of circles (Figs. 5 to 12) 
Rive the effect of rolling almost as well as the entire 
figures, but periodically recurring sectors (Figs. 14 
and 15) produce effects similar to those of spirals, and 
also the effect of Helmholtz’s “flickering disks.” The 


the major axis. A radius of the disk coincides with 
the major axis of the ellipse in Fig. 16, and with the 
minor axis in Fig. 17. The system of ellipses illus- 
trated in Fig. 18—analogous to the circles of Fig. 9— 
produces a bewildering effect when the disk is rotated. 

The most interesting illusion, however, is produced 
by a sine curve with a circular base. The effects vary 
with the period of the curve. Figs. 19, 20, 21, and 22 
illustrate sine eurves which repeat 2, 3, 4, and 6 times, 
respectively, in the circumference of the circle. As 
the disk begins to rotate very slowly, the figure simply 
appears to rotate, as it really does, but as the speed 
increases the parts of the figure seem to come to Iffe, 
and perform remarkable serpentine evolutions, the 
combined effect of which is an appearance similar to 
that of a drop of mercury undergoing changes of sur- 
face tension. The more complex pattern shown in 
Fig. 23 appears, when rotated, like rippling water, but 
a little practice is required to obtain the effect. 

As in these cases the eye tends to follow the mean- 
derings of the sine curves, the after effect produced 


when the glance is turned from them to a motionless 
surface is different from the after effect of regarding 
the rotating spirals, The field of view appears to ro- 
tate in a direction opposite to the motion of the disk. 
The disks used by the writer in all these experi- 
ments were about eight inches in diameter. The mo- 
tion should be uniform and slow, as rapid rotation 
destroys all the effects described except that of flicker- 
ing. In general the eyes should be directed to the 
center of the disk, though many of the effects are 
independent of their direction.—Translated for the 
ScreNTIFIC AMERICAN SuprLeEMENT from Prometheus. 


HOW ANIMALS MAKE THEIR TOILET. 


As bodily cleanliness plays an important part in 


’ the prevention of diseases, it is no wonder that ani- 


mals, which have to rely mainly upon themselves for 
remedies, should possess to a greater or less degree 
the instinct of ridding their bodies of harmful mate- 
rials. Monkeys clean themselves with their hand, and 
pass days at a time in scratching and freeing them- 
selves from vermin. Some make use of water, and 
although it is rarely the case that they do so, in- 
stances are nevertheless met with. Thus, Boitard 
claims that a chimpanzee of the Jardin des Plantes 
washed its hands and face every morning with cold 
water. Bats use, after the manner of combs, the 
horny nails with which their posterior members are 
provided. Daniell observed one which divided its fur 
into two parts by a line following the middle of the 
back. The insectivora, such as the mole, shrew-mouse, 
hedgehog, etc., comb themselves in like manner with 
their five strong nails. 

Bears, as is well known, especially the white bear, 
delight in often rolling about in water; and scratch 
themselves also with their curved nails, as well as 
lick themselves in order to make their coat glossy. 
The badger, notwithstanding its reputation as a scabby 
and lousy animal, takes considerable care of its per- 
son. Its hair is always oily, for the reason that it 
spreads over it a sort of pomade that it obtains with 
its tongue from quite a large pocket situated between 
the anus and tail. This prevents dirt from adhering 
to the hairs, which, moreover, present the peculiar 
characteristic of not felting. The glutton, in order to 
clean itself, splashes water over its belly with its fore 
. paws. 

The cats (Felide#) clean themselves with saliva. 
Almost all of them have a repugnance to water, and 
never bathe in it. They are nevertheless very clean. 
Their rough tongue, covered with sharp prickles point- 
ing backward, forms a remarkable hair brush, with 
which they render their coat smooth and glossy. For 
the sides of the head, which they cannot reach with 
their tongue, they use their paws. Moistening with 
saliva the rugose pads with which these are provided, 
they pass them over the snout and back of the neck 
after the manner of a sponge. They use their hooked 
and very sharp claws as cleansers, and sometimes as 
toothpicks. Their flexible tail, which is often long and 
very hairy, provides an excellent dust brush. 

Before we leave the carnivores, w2 must mention a 
popular legend as to the manner in which the fox 
rids itself of the fleas that annoy it. The peasants 
state that after taking a ball of moss in its jaws, it 
first dips in water the end of its tail, and then its 
entire tail gently and by degrees, in order to give 
the parasites time to escape the inundation. Then it 
gradually immerses its rump, and afterward and prog- 
ressively the loins, shoulders, neck, and head until at 
length nothing is seen above the surface but a small 
black object crowned with moss—the extremity of the 
snout surrounded by a flea-trap. When the fox sup- 
poses that most of the insects have taken refuge in 
this, it opens its jaws and allows the moss to float, 
and then dives and swims away beneath the water. 
It is well to say, however, that no one has ever been 
a witness of this ingenious operation! 

The rodents employ the same organs for cleaning 
as do the carnivores. The squirrel presents a comical 
appearance when it is cleaning its fore paws. It al- 
ways holds one with the other and alternately changes 
the position of both so fast that it appears to be rub- 
bing its hands. 

The marmots perform their toilet in company. 
They arrange themselves in a circle, erect upon their 
haunches on a flat stone exposed to the sun, and there 
vie with each other in combing and scratching them- 
selves. The jerboa especially merits particular men- 
tion, for, according to Brehm, no rodent is so clean 
as it. In fact, it spends a great part of its time at 
its toilet. Sand is very useful to the animal, and it 
seems as if it could not do without it. In this, it 
makes a sort of trench in which it lies and moves its 
head about in every direction. This done, it stretches 
out at full length and turns over. Then begins the 
successive cleaning of each part. The mouth, cheeks, 
and whiskers, which give it much trouble, consume 
several minutes. After the toilet of these parts, it 
rises, sits up, and cleans the rest of the body. Its 
front paws grasp the hair by tufts and its teeth comb 
them and smooth them. When it comes to the abdo- 
men, it extends the thighs and curves its body, which 
assumes the form of a ball. The postures which it 
assumes when it is cleaning its hind limbs are most 
curious. It leaves one of these in the ordinary posi- 
tion it has when it is seated, and stretches out the 
other, the tail always serving to keep it in equilib- 
rium, The hind legs, when it uses them for scratch- 
ing itself, move with such rapidity that scarcely any- 
thing can be seen but the semblance of a shadow. The 
motions of its front legs, which it uses for scratching 


. 
; 
(S 
4 . \ 
- 


its face, are also very swift. It is upon one of these 
that it rests when it is leaning to one side. 

The herbivora bathe very often. Their legs do not 
permit of their scratching themselves, but they lick 
themselves with their tongue, dust themselves with 
their tail, and jerk their skin by the contraction of the 
cuticular muscles. 

The hog has a reputation for filthiness which is far 
from being deserved. When it is driven to a river, 
it enters the water with evident satisfaction. It wal- 
lows in mire solely in cases in which it has no clean 
water at its disposal. The wild boar also likes to 
wallow in mire as well as water, and to take what is 
called the “soil.” On making its exit from a bath, it 
rubs itself against the trunk of a tree in the vicinity. 
The elephant, in addition to taking a bath, which it 
prolongs with genuine pleasure, is accustomed to give 
itself a shower bath by means of water which it takes 
in its trunk. 

The form of reptiles is not well adapted for allowing 
them to clean themselves; but they do not permit a 
little thing like that to trouble them. When their 
skin gets dirty, they simply change it. In reptiles 
with a naked skin, and an epidermis of moderate con- 
sistence, it is frequently detached and renewed; and, 
in those animals in which it is most consistent, it 
becomes detached at different seasons of the year, and 
gives place to a new epidermis. Sometimes this kind 
of molting is partial, or, at least, the epidermis merely 
falls off in flakes, but at other times it is entirely 
detached and preserves the form of the body upon 
which it grew. Snakes shed their coats in this way 
several times in the course of the year. The batrach- 
ians lose only their epidermis, or merely the mucus 
that covers it; but this suffices to render them clean. 

According to Roesel, frogs molt every eight days. 

The Galline (turkeys, pea-fowls, domestic fowls, 
etc.) are about the only birds that are recalcitrant to 
the water bath. They are all pulverators, that is, 
they love to scratch the ground and wallow in the dust 
till their plumage is permeated with it. The larks, too, 
have the habit of dusting themselves by fluttering 
along the ground, and the dove-colored species of the 
deserts of South Africa delights in wallowing in the 
sand. Some of the species, however, take kindly to 
water. 

The aquatic birds bathe in the open, and while 
disporting themselves in the water take some of the 
liquid in their bill and besprinkle their entire body 
with it. The terrestrial species are content, some of 
them (such as the smal! passerine birds) to bathe in 
small lagoons, or, when kept in confinement, to per- 
form their ablutions in a small bathing cup, as in the 
ease of the canary birds. The swallows skim the sur- 
face of ponds, and, dipping the rectrices of their out- 
spread tail into the water, afterward turn them under 
the belly by an abrupt motion, in order to sprinkle the 
body. 

After a bath, of whatever nature it be, birds shake 
themselves vigorously and then proceed to the con- 
secutive details of the toilet, which is identical with 
all species, and which consists in smoothing the feath- 
ers one by one with the bill, which, owing to the ex- 
treme flexibility of the neck, is capable of acting every- 
where, upon the back, upon the abdomen, and as far 
as to the end of the tail; in scratching the head and 
neck with the feet; and in cleaning the bill with the 
claws or with the fine comb-like denticulation that 
occupies the edge of the intermediate toe in many 
grallatores and palmipedes. The bill is often aided 
(in the parrot, for example) by the tongue. Finally, 
when the neck is long and flexible, the head is cleaned 
by rubbing it in all directions upon the breast and the 
wing coverts. 

Birds that live in families or gregariously share 
these important operations with each other. This fact 
is easily verified in the domestic palmipedes (geese 
and ducks). 

We find this instinct of cleanliness in all animals 
down to the myriapods and insects. The toilet of the 
spiders consists in brushing the antenn# and the man- 
dibles with the forelegs, inwardly as well as out- 
wardly, and then in brushing the abdomen with the 
hind ones. 

In insects, the forelegs serve for brushing the buccal 
organs, the antenn# and the eyes, and since certain 
individuals have been observed to put their anterior 
tarsi into their mouth before passing them over their 
head, it is supposed that they moisten them in order 
to clean themselves just as the carnivores and rodents 
do. Some hymenopters have a semi-cylindrical notch 
which is very finely toothed upon one edge, and fixed 
to the first pair of legs, and the function of which 
is to brush the antenne. For keeping these appen- 
dages in proper condition the buccal organs also often 
intervene. Many insects clean them by putting them 
into the mouth. 

The abdomen and wings are cleaned with the hid 
iegs, which bristle with stiff hair. The thighs rub 
the surface of the breast with a backward and forward 
motion, and the legs and tarsi, embracing the abdo- 
men, brush this region, as well as the wings, beneath 
and at the sides. The legs brush one another. There 
are but two legs that habitually wo... at the toilet at 
the same time, the others serving to keep the body in 
equilibrium. 

M. Baillon has pointed out a convenient method of 
observing all such movements at one’s leisure; and 
that is to take a large sized dipter (say a gad-fly) and 
pull off its head, whereupon the insect will immediately 
begin to make its toilet. The spectacle is odd. 

Naturally, the animals that appreciate the benefits 
of cleanliness in themselves, take the greatest care that 
their offspring shall also be clean and neat. We re 
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member seeing a maternal monkey washing, rubbing, 
and drying her young one without paying any attention 
to its cries. One would have said that she knew that 
these operations were necessary.—Translated for the 
Screntiric AMERICAN from the French of A. Peres, in 
Cosmos. 


[Continued from SurPLEwENT No. 1507, page 25504.) 
TINNING.—III. 
MANUFACTURE OF TIN PLATE. 

In the days before the process of rolling out zinc into 
sheets of any desired thickness had been learned, tin 
plate (the French fer blanc) was exclusively em- 
ployed for many kinds of tinsmith’s work, such as 
gutters, bath-tubs, watering-pots, etc., which are now 
made of the much cheaper sheet zinc. 

The quality of the sheet iron used in making tin 
plate materially affects the good appearance and the 
evenness of the tin coating. Pig iron, in the production 
of which charcoal has been used as fuel, is the best; 
it has been found that the coating of tin adheres more 
readily and evenly to this than to the iron from ores 
reduced with coal. 

The necessary quantity of tin varies, according to the 
desired thickness of the coating, from 4 to 5 per cent 
of the weight of the iron. As a rule, only small sheets 
are tinned—12 or 14 inches long and from 8 to 12 
inches wide—but with suitable apparatus it is possible 
to tin very large sheets. 

The principal methods of making tin plate are three 
in number, known as the English, the German, and 
the mechanical methods, and these will be described. 
First, however, we must mention an important opera- 
tion, upon the proper performance of which the suc- 
cess of the whole work depends—namely, the polish- 
ing or the so-called pickling of the sheet iron. 

PICKLING OF BLACK SHEET IRON. 


The black sheets of iron, as they come from the 
rollers, are covered with oxide, dust, and grease. Tin 
will adhere only to the real metallic surface, and the 
sheets must therefore be subjected, before tinning, to 
some process which will remove the oxide and all other 
foreign substances. This is necessary not only in the 
case of tin plate, but wherever one metal is to be 
coated with another. 

The cleaning of the surface is usually done chemi- 
cally, by the socalled pickling, with acids; in some 
cases the pickling is followed by mechanical treatment. 
As a pickle, or dip, for iron, sulphuric acid, which 
quickly dissolves the layer of oxide, is generally used. 
Liquids containing acetic and lactic acid also make an 
excellent pickle, and bran, stirred up with water and 
left standing several days until it has, fermented, is 
used for the purpose. In some establishments it is 
the custom to use a pickle of sulphuric acid first and 
to follow it by a bran dip. 

The sulphuric acid pickle is prepared by mixing one 
part of acid with from 16 to 20 parts of water, ac- 
cording to the degree of concentration of the acid. 
The mixture must always be made by pouring the acid 
into the water in a thin stream, with constant stir- 
ring. If the water were poured into the acid, so much 
steam would be formed by the heat generated in the 
process of combination, that the acid would be thrown 
out of the vessel, with great danger to any one stand- 
ing near. 

The sheets of iron are immersed in the pickle and 
left until the oxide is dissolved and the surface is of 
an even dull gray color. After the liquid has been 
used several times, the action is slower, for the rea- 
son that a large part of the acid has been neutral- 
ized. The bath can be renewed by adding more acid, 
and finally utilized for producing very pure green 
vitriol. 

When the sheets are removed from the pickle, they 
are often rubbed with fine but very hard quartz sand 
and water, and the numerous scratches thus made upon 
the surface of the metal greatly aid the adherence 
of tin coating. If exposed to the air, the bright sheets 
would soon become covered with oxide again; they 
must therefore be tinned at once, or preserved in 
such a way as to prevent oxidation. 

After a crystalline precipitate begins to separate 
from the liquid on the addition of fresh sulphuric 
acid, the pickle is kept in use until all the free sul- 
phuric acid has disappeared. It is then simply a 
solution of green vitriol. This is poured into a large 
vat, where all the solid substances sink to the bot- 
tom, and the clear liquid is drawn off into shallow 
pans of heavy sheet iron and evaporated until light 
green crystals separate from a sample of it. These 
crystals are pure green vitriol, and can be profitably 
utilized. But in spite of this, the process of pickling 
with sulphuric acid is quite expensive, and many estab- 
lishments at present are employing another and 
cheaper method, which requires comparatively small 
quantities of acid. 

This method consists in exposing the sheets, before 
pickling, to the action of a sand blast, which works 
essentially as follows: Fine, sharp quartz sand falls 
in an even stream from a high point and meets a 
current of air under a pressure of several atmospheres. 
The sand is carried in the direction of the current, 
and thrown with great violence against any inter- 
vening object. If it is directed against a plate of 
glass, this will be perforated in a few moments, and 
the sand blast is frequently used for cutting glass. 

To remove the layer of oxide from sheets of iron by 
means of it, it must be so arranged that the sand will 
be forced out through a narrow slit-like aperture, the 
width of the sheet. Opposite to the opening is an 
arrangement of continuous, rapidly moving bands, with 
carriers upon which the plates are placed. The bands 
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move so rapidly that the metal is scoured by the blast 
to perfect brightness and the gray color of pure iron, 
If a sheet thus treated is examined under a magnify. 
ing glass, it will show a rough appearance, due ©, 
innumerable little scratches, and this aids materia)), 
in the adherence of the melted tin. A sheet of iro 
polished by the sand blast requires but a slight pj 
ling with acid to produce the pure metallic surfs. 
necessary for successful tinning. 


THE ENGLISH METHOD OF TINNING. 


In the English method of tinning, the sheets l- 
ished in the manner described, are next made -»/t 
and pliable. Sheet iron, as it comes from the rol): +s. 
is hard, and so brittle that it will usually break ith 
sharp bending. For tin-work, a material of the ¢)::t. 
est pliability is needed, which will bear bending, : \q- 
ing, or stamping, without injury. To impart his 
quality to the iron, it is softened, or annealed. phy 
heating it red hot and cooling slowly. If, however, 
the operation were to be performed with free ac ess 
of air, it is evident that the whole labor of pick!ing 
would be lost, inasmuch as the iron would be oxidized 
again in the heat. The process must therefore be at- 
tended by special precautions. 

The sheets are laid closely into cast-iron boxes, 
holding from 800 to 1,000 sheets, and the covers of 
the boxes made air-tight by sealing with clay or ce. 
ment. A number of these boxes are placed in a flame 
(reverberatory) furnace, so arranged as to be sup. 
rounded by i.e flame, and heated as quickly as possi- 
ble to a dark red—‘“cherry red’’—heat. After this 
degree of heat has been reached, the fire is so regu- 
lated that the temperature remains the same for 10 
or 12 hours; it is then extinguished, and the boxes 
left to cool. 

To keep up the proper temperature, and to exclude 
air from the boxes, are equally important. If the 
temperature is not high enough, or the heat not long 
enough continued, the sheets will not have the de- 
sired softness; if, on the other hand, they are too 
strongly heated, some of them will be found welded 
together. If air has found access to the heated metal, 
it will be partly covered with oxide, the so-called 
“jron-seale,” or “hammer-slag,” and will have to be 
pickled over again. If the annealing is prope ly done, 
the sheets will have a beautiful brownish blue color, 
somewhat resembling the “tempering color” of steel, 
due to a very thin film of oxide. In order to keen 
them smooth and bright, they are passed two or 
three times between polished rollers, so adjustec as 
to exert a strong pressure upon the sheets without 
stretching them. They lose some of their pliability 
in this process, and are annealed a second time, but 
kept heated only for five or six hours. After a strict 
examination, in which all poor or cracked sheets are 
thrown aside, the perfect ones are subjected to a 
double pickling. The first bath consists of bran and 
water, fermented. The sheets are left in this for ten 
or twelve hours, rinsed, and transferred to the second 
bath, consisting of dilute sulphuric acid, where they 
remain for from thirty to forty-five minutes. After 
removal from this, they must not be touched with 
the hands. They are scoured with sand and water, ap- 
plied with bunches of tow, and kept under water until 
the real tinning process is to begin, as a precaution 
against air or dust. 

The operation of tinning is performed in an ap- 
paratus consisting of six kettles, arranged side by 
side, each of which has its own fire, as the tempera- 
ture must be different for each. The first is filled 
with melted tallow, and heated to the point where 
the tallow begins to decompose. The fumes of 
strongly heated tallow are extremely irritating to the 
eyes and lungs, and it is important that the kettle 
should be provided with some contrivance to protect 
the workmen from them. The best thing is a closely 
fitting cap of sheet metal, with an escape pipe which 
conducts the fumes down into the fire-space, where 
they are consumed. The front part of the cap has 
a vertical surface, with a tightly closing door, moved 
up and down by balance weights, and only opened 
when necessary. 

This first kettle, the so-called “tinman’s pot,” serves 
the purpose of freeing the sheets of tin from aill 
adhering moisture, warming them to an even tempera- 
ture, and giving a thin layer of grease. The sheets 
are dipped into the meltec tallow, three or four hun- 
dred at a time, arranged on ‘rames, so that they wil! 
be evenly coated. They are left in this tallow bath 
until all adhering moisture has evaporated, or until! 
a layer of tallow of uniform thickness has formed ai! 
over the surface. The dimensions of the tallow keitle 
are usually, in the English factories, about 24 inches 
in length, 15 in width, and 20 in depth, but these can 
of course be varied at will, according to the number o! 
sheets which it is desired to treat at once, and accori- 
ing to their size. ; 

The second kettle, called “tin-pot,” is about 
inches long, 18 wide, and 16 deep. It is filled with 
melted tin, kept covered with a layer of grease ‘0 
prevent the formation of the least trace of oxide. The 
real tinning begins in this kettle, and a uniform an 
coherent layer of tin, really an alloy of tin with iron, 
should be formed over the whole surface of the shee(s. 
To accomplish this as perfectly as possible—it may 
not be done the first time—the greatest care in re- 
gard to the temperature of the melted tin is necessary. 
The proper temperature is found by testing; if the (ir 
will not adhere to a sheet dipped into it, but rol!s 
off in drops when the sheet is lifted out, it is no! 
hot enough, and the fire must be increased. If, ©" 
the other hand, the tin is too hot, the tin will adhere, 
but the coating will be very thin. The molten met:! 
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will be considerably cooled when the sheets are put 
, the pot, and it is always well to increase the 
heat just before this, to avoid delay in the work. 
vhen a coating of sufficient thickness has been 
ed, the sheets are transferred to the second tin- 
the “dipping pot,” or “wash pot.” This differs 
-om the first in having two unequal divisions. The 
cheets are first put into the larger space, and left 
‘i! os thick and uniform a coating as possible has 
beon formed, then lifted out, laid upon a smooth 
horivental plate, and rubbed with bunches of hemp 
«in grease, to remove any superfluous tin. To 
do ‘his properly requires much practice on the part 


of the workman, and the uniform appearance of the 


tin plate largely depends upon it. 

Each sheet, after the rubbing, is dipped again into 
the <maller space of the kettle, in order to equalize 
any uneven places of the surface. This dipping ends 
the ‘inning process, and this part of the kettle is kept 
filled with pure tin; after a certain number of sheets 
have been passed through it, the tin will have become 
to some degree alloyed with iron, and it is then poured 
into ‘he second kettle. 

if the tin plate were now exposed to the air, the 
coating ©f tin would dry more rapidly than the iron 
beneath i', and the consequence would be that the 


former would thicken in some places, and the surface 
would have an uneven, wavy appearance. Care must 
be taken, therefore, that the whole plate cools evenly, 
in order to insure uniform coherence of the iron and 
the tin. For this purpose the sheets, as they come 
from the last tin bath, are put into a kettle called 
the “grease-pot,” filled with tallow or palm-oil (the 


latter is cheaper). The melted fat must be kept at - 


such a temperature that all the tin which is not 
combined with the iron runs off, and the plate cools 
slowly. The sheets are left in this kettle only about 
ten minutes; if they remained too long, there would 
be danger that the tin would melt too much, and the 
coating be thinned. 

A practised workman is required for this part of the 
operation; but it is better that even such a one should 
depend more upon the thermometer than upon his ex- 
perience. Pure tin melts at 455 deg. F., and the tem- 
perature of the fat must be so regulated that it does 
not far exceed this point. 

From the grease-pot the sheets come into the “cold- 
pot,” also filled with tallow or palm-oil, but kept 
at a much lower temperature. The purpose of this is 
to envelop the sheets in a poor conductor of heat— 
grease being such—and thus retard the cooling and 
make it even. 

The tinned sheets are now finished; but at the 
edge, where they rested on the bottom of the two last 
kettles, the melted tin has made little rolls. To re 
move these, the sheets are dipped into the “list-pot,” 
which is shallow, more like a pan than a kettle, 
holding a very thin layer, a fraction of an inch deep, 
of melted tin. The tinned sheets are placed in this, 
with the imperfect edge down, and left until the roll 
of tin is melted, then a light blow is given to the upper 
edge, and they are lifted out. 

They are now rubbed with a mixture of washed 
chalk and bran, applied with cloths, then with soft 
flannel, and packed. According to practical experi- 
ence, the materials required for each case of tin plate 
—a case contains from 109 to 115 pounds of tin plate— 
are 7 or 8 pounds of tin, 2 of palm oil or tallow, and 
8 or 10 pounds of sulphuric acid. 

It is evident from this description of the English 
method that it is a circumstantial and expensive proc- 
ess, for which, however, the excellent quality of the 
product compensates. The English manufacturers 
usually sort the sheets and make a second quality of 
all which are in any way imperfectly tinned. The 
first quality has a perfectly uniform appearance, and 
a quite brilliant reflecting surface. 


THE GERMAN METHOD OF TINNING, 


In respect to the polishing and other preparation 
of the sheet iron for tinning, the German method is the 
Same as the English, but differs essentially in the 
details of the real tinning process. The work is be- 
gun with the so-called “burning of the sheets” (“Ein- 
brennen”). The “burning-pan” is about 18 inches 
long, 14 wide, and 18 deep, filled with melted tin, 
covered with a layer of grease. About two hundred 
Sheets are placed in the pan, removed twenty-five at a 
time, and cooled in water. The pan is constructed 
with grooves on the sides, so that it can be divided 
into two unequal divisions by means of a sheet of 
iron. When all the sheets are out, the partition is 
fitted in, and a part of the sheets returned to the 
larger space, left for a time, and then placed on 
frames to drip. This is called “Abbrennen.” The 
Sheets are next dipped one by one into the smaller 
Space (“Durchfiihren”) and again set up to drip. 
The coating is now supposed to be of sufficient thick- 
hess, and the accumulations on the edges are melted 
off smooth in another pan, as described in considering 
the English method. The rest of the process is sim- 
ilar to that practised in England. At the end, the 
Sheets are rubbed with moss rolled in powdered chalk, 
and then with soft woolen cloths. 

The German method, when carefully executed, gives 
a product in no wise inferior to the English, and has 
the advantage of being much simpler. The incon- 
Veniences of using grease, except in the layer which 
Covers the tin, are also done away with, This need 
hot even be used for this latter purpose; a layer of 
butter of zinc—zine chloride—is a perfect substitute.— 
Translated for the Screntiric AMERICAN SUPPLEMENT 
from the German of Friedrich Hartmann in “Das 
Verzinnen, Verzinken, Vernickeln,” etc. 
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ENGINEERING NOTES. 


Technical mechanics has always been free of the 
idea of central forces. To the engineer the idea of 
forces acting at a distance is completely -foreign, in 
spite of the curious fact that, until not so very long 
ago, the typical example of such a force, gravitation, 
was almost the only force with which he had to deal. 
The development of thermodynamics, which has given 
us the principle of the conservation of energy in its 
broadest aspect, was closely connected with the rise 
of technical mechanics, but proceeded rather inde- 
pendently of the development of the other branches of 
mathematical physics. Its fundamental principles are 
of a very general and abstract nature, and even where 
the molecular hypothesis is well worked out, as in the 
kinetic theory of gases, the idea of central forces is 
in no way essential. 

The coal consumption per dynamometer horse-power 
hour for simple freight locomotives tested, is at low 
speeds not less than 3.5 pounds nor more than 4.5 
pounds, the value varying with running conditions. At 
the highest speeds covered by the tests, the coal con- 
sumption for the simple locomotives increased to more 
than 5 pounds, The coal consumption per dynamome- 
ter horse-power hour for the compound freight loco- 
motives tested is, for low speeds, between 2.0 and 3.7 
pounds. Results at higher speeds were obtained only 
from a two-cylinder compound, the efficiency of which 
under all conditions is shown to be very high. The 
coal consumption per dynamometer horse-power hour 
for this locomotive at the higher speeds increases from 
3.2 to 3.6 pounds. The coal consumption per dyna- 
mometer horse-power-hour, for the four compound pas- 
senger locomotives tested, varies from 2.2 to more than 
5 pounds per hour, depending upon the running condi- 
tions. In the case of all of these locomotives, the con- 
sumption increases rapidly as the speed is increased. 

The rapid growth in power which marked the de- 
velopment of the locomotive in the past few years, and 
by which great economies of operation are being ob- 
tained, has apparently been arrested by the limitation 
of clearances, capacity of the firemen, and the reach- 
ing of the practicable train length limit. It would 
therefore appear questionable to look for further econo 
mies, as a general proposition, by continuing to en- 


’ large the locomotive, under present conditions. The 


solution of the problem lies in other directions. We 
shall be required to develop the mechanical stoker; 
compounding and superheating will be prosecuted with 
greater vigor than ever. The use of a feed-water 
heater may be resorted to, and among the smaller 
items, undoubtedly the compound air pump will be 
used, and perhaps the variable exhaust nozzle. We 
now have engines that will run successfully from 
terminal to terminal, and have reached a plane in the 
economical maintenance of our locomotives, whereby 
the use of the foregoing fuel-saving devices will make 
more apparent than heretofore the economies result- 
ing therefrom. While considering the use of fuel-savy- 
ing devices, we must not lose sight of the economies 
that may be obtained through individual effort, with 
the facilities at hand. 

Among the many strong arguments which can be 
brought forward in support of gas engines and pro- 
ducers there is one which will appeal to the patriot 
and to the man who wishes to husband the mineral re- 
sources which form a considerable portion of the 
wealth of this country. When coal is burnt in boilers 
for supplying the steam used in small power engines, 
at least nine-tenths of the heat energy which nature 
has so kindly stored up for us is utterly wasted. The 
thermal efficiency of the best steam engine working 
under the most modern conditions is about seventeen 
per cent, which means that eighty-three per cent of 
the available heat in the steam is lost in the engine. 
Taken as a whole, the efficiency of the whole steam 
plant, furnace and boiler, engine and mechanism, is 
only about twelve per cent, and it is reckoned by most 
authorities that an average of between five and six 
per cent is probably the more exact value. But if we 
compare such figures with those obtainable with the 
gas producer and gas engine we find everything in fa- 
vor of the latter. Records of years show that a cer- 
tain gas producer plant running with different types 
of gas engines and at work day and night on full load 
can supply sufficient gas from one pound of anthra- 
cite coal to produce one brake horse-power per hour. 
This is exactly one-half of the fuel used with steam 
plant. Some records from a gas engine and producer 
plant at Winnington show that, on full load, less than 
one pound of common bituminous slack was used per 
indicated horse-power. The mechanical efficiency of 
the gas engine on full load may be taken at about 
eighty-three per cent, which, it must be confessed, is 
rather below the mechanical efficiency which can be 
obtained with steam engines of the same power. But 
since the combined thermal efficiency of the gas pro- 
ducer (Mond) and gas engine is practically twenty- 
five per cent, then the combined efficiency of the whole 
plant is twenty-one per cent. Thus we see that twenty- 
one per cent of the heat energy which is contained in 
the common slack which can be used in the gas pro- 
ducer is converted into mechanical energy. The ther- 
mal efficiency of the gas producer which makes the 
cheap fuel gas from coal is from seventy per cent to 
eighty per cent, while the thermal efficiency of the 
gas engine, considered as a heat engine, is about thirty- 
five per cent. The secret of the success of the gas 
producer and gas-engine plant is discovered when we 
consider the thermal efficiency of the engine. It is 
because gas, as a working fluid, is so much preferable 
to steam that there has grown up a great manufactur- 
ing industry to supply gas engines and producers. The 
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combined efficiencies of steam plants and gas-producer 
plants are in the ratio of about one to four, and there 
seems every argument, without considering that great- 
est of all arguments, cheapness of production, in favor 
of using one pound of coal to do the work which in 
the other process would take four pounds. 


SCIENCE NOTES. 

Bstimation of the Moisture in Charcoal.—E. Vander 
Bellen compares in the Protokol des St. Petersburger 
Polytechnischer Vereins the different methods em- 
ployed for this purpose, and holds that the affinity 
which charcoal possesses for oxygen at temperatures 
between the ordinary temperature of the atmosphere 
and 100 deg. C. is a factor which must not be lost 
sight of in the determination of the moisture. He 
has obtained the following results by operating on 
different portions of the same samples: (1) On expo- 
sure for seven days in a desiccator containing sul- 
phuric acid, 6.85 to 6.95; (2) after heating for four 
hours on a water bath at 97 deg. C., 6.48 to 6.35; (3) 
on heating at 110 deg. C. in an oven for twenty-four 
hours, 4.54 to 4.56; (4) on weighing directly the 
moisture absorbed in a tube of calcium chloride, 7.31 
to 7.42. The latter method appears the more exact, 
although the apparatus is a little cumbersome. 


M. G. Meslin describes a very interesting method of 
testing optical surfaces which is more widely applicable 
than the now well-known method of using Newton's 
rings and monochromatic light. By employing a grat- 
ing instead of the parallel test plate a new series of 
interference phenomena are brought into play, and the 
most important factor from a practical standpoint is 
that these new bands are very distinct in ordinary 
white light, so that little special apparatus is needed. 
The grating is placed over the surface to be tested, 
either in contact or a few millimeters distant. An in- 
teresting distinction of these grating interference bands 
from Newton’s rings is that they are scarcely colored, 
being almost achromatic when viewed at an incidence 
about 45 deg.; further, the diameters of the rings di- 
minish when the incidence is increased, whereas New- 
ton’s rings increase in diameter under similar condi- 
tions. They may be rendered very brilliant by increas- 
ing the reflecting power of the surface to be tested, 
say by silvering, and hence the method may be ap- 
plied to the examination of metallic surfaces, and also 
of liquids, such as mercury.—Comptes Rendus, 142, pp. 
1,039-1,042, May 7, 1906. 

The number of bacteria found in a surface water 
depends not only upon the organic matter a water 
contains, but to a greater or less extent upon various 
natural causes, such, for instance, as the character of 
the soil of the watershed, the rainfall, the time of 
year the examination is made, and these considerations 
must be taken into account when attempting to deter- 
mine the character of the water from the number of 
bacteria present. Arbitrary standards have been pro- 
posed from time to time, and of these Dr. Sternberg’s, 
that a water containing 500 bacteria to the cubic cen- 
timeter is open to suspicion and one containing over 
1,000 bacteria is presumably contaminated by sewage 
or surface drainage, is probably as satisfactory as any 
that could be devised. Though most artificially filtered 
waters and many reservoir waters contain not over 100 
bacteria to a cubic centimeter, to state that a surface 
water showing on a single examination a much greater 
number than 500 per cubic centimeter was probably 
polluted, would be unjustifiable, and the significance of 
the data can only be determined when the average bac- 
terial count of the water under examination is known, 
or when it is considered in connection with the chem- 
ical data. 

Excavations have been made recently in France on 
the site of Alesia, memorable for Cesar’s victory over 
the Gauls, and these have brought to light some inter- 
esting finds. Commandant Esperandieu, who is direct- 
ing the work, states that they excavated the cellar of 
a Gallo-Roman habitation whose owner before he fled 
had put all his tools in a safe place. This is no doubt 
the quarters of a blacksmith, according to the kind of 
implements which were found. The cellar contained 
more than 1,200 pounds of iron objects, horseshoes, 
double-edged cutting instruments, chains formed of 
large rings, locks, and other objects which have not yet 
been cleaned. As to the other finds in Alesia, coins ap- 
pear in great number. Among these are bronze Coins 
of the Emperor Gordian. They also found a statuette 
of Mercury in bronze which is well preserved. But the 
most important piece found so far is in the shape of a 
balance weight. It is in bronze and is some 6 inches 
high, with an admirable green patina. The piece rep- 
resents the bust of Silenus. The eyes are incrusted 
with enamel or silver, while the beard is formed of 
separate curls which have free spaces between them. 
On the head is an ivy crown, and the branch which 
forms the crown is worked separate, and only holds to 
the head by the leaves. Two myrtle bays, one on each 
side of the forehead, show traces of enamel. The head 
leans slightly toward the left shoulder. A surprising 
realism is found in the head which well brings out the 
character attributed to Silenus. This piece is one of the 
best Gallo-Roman specimens which has been found for 
some time. The excavations seem to show that Alesia 
as it existed under the Roman conquest was not de- 
stroyed by degrees, but was abandoned suddenly and 
was no doubt burned by some of the Germanic hordes. 
The cellar referred to seems not to have suffered, and 
the objects of value were found intact in their hiding 
places, as the owners, who had no doubt perished, 
could not come back to remove them. As the excava- 
tions are only begun, they are likely to show some in- 
teresting results in the future. 
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TRADE NOTES AND FORMULA. 

Removal of Rust from Nickeled Objects.—Smear the 
rusted surface with grease, and after a few days rub 
with a rag soaked in ammonia. If some spots resist, 
pour carefully on a little dilute chlorhydric acid; wipe 
off immediately, wash with water, and when the sur- 
face is dried apply rottenstone-—Revue Chrono- 
métrique. 

Varnish for Thin Leather.—This is prepared for the 
leather of ladies’ shoes, to which it imparts a remark- 
able polish, with the risk, however, of rendering the 
leather brittle. It is made by dissolving 120 parts of 
shellac in 365 parts of alcohol, and adding 10 parts of 
camphor and 5 parts of aniline black.—Moniteur de la 
Condonnerie. 

Galvanic Bath for Nickeling.—This is employed by 
several manufacturers, who have obtained satisfactory 
results. It is prepared as follows: 7 parts of pyro- 
phosphate of soda, 0.4 part of nickeled chloride, 0.6 
part of chloride of ammonia, and 0.25 part of carbon- 
ate of ammonia are mingled in 8 gallons of water.— 
Science Pratique. 

Process for Destroying Ants.—Apply to the wood 
attacked by the ants a coating made of 5 parts of cupric 
sulphate, 30 parts of asafetida, 3 parts of arsenic, 10 
parts of aloes, 10 parts of soot, the same quantity of 
lime, and 20 parts of ashes in a little over a quart of 
water. This liquid serves for diluting 1,000 parts of 
pulverized mustard seed cake.—Technisches Central- 
blat. 

Cream for Brown Leather —This has the property 
of cleaning the leather and imparting brilliancy. Dis- 
solve 9 parts of yellow wax in 20 parts of oil of tur- 
pentine on the water bath. Make another solution of 
1 part of common soap in 20 parts of boiling water. 
Mix the two solutions in a mortar, which should be 
hot, and stir until cold.—fFarben Zeitung. 

Artificial Ration for Poultry.—Mix the following 
substances thoroughly after they are reduced to a 
coarse powder: 1 part of sodium chloride, % part of 
iron sulphate, the same quantity of sodium carbonate 
and the same quantity of sulphur. Add 10 parts of 
lean beef, dried and pulverized, 10 parts of fine sand, 
20 parts of Indian corn, and as much linseed cake,— 
Technisches Centralblat. 

Dyeing of Feathers.—The feathers should always be 
first softened by immersion in warm water with the 
addition of carbonate of soda; then proceed with the 
dyeing by immersion in the coloring bath. For a 
black, nitrate of iron may be employed, and afterward 
an infusion made of equal parts of campeachy and 
quercitron. An aniline color can be used successfully. 
Dip afterward in an emulsion composed of water, sweet: 
oil, and a little carbonate of potash. Dry the feathers 
by agitating them gently in the air.—Farben Zeitung. 

Attachment of Paper to Fabrics and Metal.—For this 
purpose M. Jenke recommends the employment of 
leaves of gutta percha and by the simple method of 
heat application. Between the paper and the fabric a 
thin sheet of gutta percha of the same size as the 
paper is placed. This is protected by another sheet of 
paper, which will be sacrificed. Press a hot flatiron 
over the whole. he heat passing through will par- 
tially melt the gutta percha, and the paper will ad- 
here very tightly. 

To Rejuvenate Mahogany.—A compound for this 
purpose is made by mingling gradually 6 parts of raw 
linseed oil with 3 parts of white wine vinegar. It is 
necessary to stir without intermission to prevent the 
two ingredients from separating. Add 3 parts of me- 
thylene alcohol and ™ part of antimony butter (a 
poison); mix carefully, and before applying, shake 
well. The application is made by means of a soft rag 
used energeticaily on the wood, which is finally passed 
over with another rather soft rag.—Moniteur de la 
Bijouterie et de |'Horlogerie. 

Carbon Tetrachloride and the Development of Its 
Manufacture in France.—This product is a colorless 
liquid, quite mobile and similar in color to chloroform. 
It weighs 1,600 gremmes to the liter and boils at 77 
deg. C. It is completely uninflammable and incom- 
bustible. It is volatilized entirely without emitting 
odor. It is chemically fixed, that is, very difficult to 
decompose even at a high temperature, so that, though 
hot, it does not attack metals, fabrics, or colors. It 
dissolves all fats with energy, and it may be used in 
industry in the place of other solvents generally em- 
ployed for that purpose, such as carbon sulphide, ben- 
zine, chloroform, alcohols, ether, which are without 
exception extremely dangerous, with the risk of fire 
and of explosion. Another advantage of tetrachloride, 
as compared with carbon sulphide and benzine, results 
from its much feebler latent heat of vaporization. In 
apparatus for methodical extraction by circulation in 
a closed vessel, the expense of combustible for vapor- 
izing the same weight of solvent is much less. In the 
same apparatus the loss of solvents is also less, in 
consequence of the feeble tension of the tetrachloride 
vapor. 

Certain gums and resins are soluble in tetrachloride, 
with or without the addition of oil of turpentine, so 
that the varnish manufacturers can probably utilize 
this new industrial product. 

Its composition being about 92 per cent of chlorine 
and 8 per cent of carbon, its manufacture can be un- 
dertaken only in works where chlorine is an industrial 
residue, such as the establishments for the production 
of soda or of potash by the electrolytic method. The 
Société la Volta Lyonnaise has introduced the manu- 
facture in its works at Moutiers in Savoy, where it is 
produced on a large scale. 
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